
In re applic 

David BOTSTEIN, et al. 
Application Serial No. 09/997,628 
Filed: November 15, 2001 



For: SECRETED AND TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC ACDDS 
ENCODING THE SAME 



TED STATES PATENT AND TRADEMARK OFFICE 

Examiner: Wegert, Sandra L. 

Art Unit: 1647 
Confirmation No: 7410 
Attorney's Docket No. 39780-2730 P1C30 
Customer No. 35489 



EXPRESS MAIL LABEL NO. : EL 993 631 284 US 
DATE MAILED: August 22, 2005 



ON APPEAL TO THE BOARD OF PATENT APPEALS AND INTERFERENCES 

APPELLANTS' BRIEF 

MAIL STOP APPEAL BRIEF - PATENTS 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 223 1 3- 1 450 



Dear Sir: 

This Appeal Brief, filed in connection with the above captioned patent application, is 
responsive to the Final Office Action mailed on November 18, 2004, A Notice of Appeal was 
filed herein on January 20, 2005. This brief is timely filed since August 20, 2005 is a Saturday. 
A request for a five month extension of time is filed concurrently herewith. Appellants hereby 
appeal to the Board of Patent Appeals and Interferences from the final rejection in this case. 

The Commissioner is authorized to charge any fees which may be required, including 
extension fees, or credit any overpayment to Deposit Account No. 08-1641 (referencing 
Attorney's Docket No. 39780-2730 P1C30 . 

In addition, Appellants request the PTO to take note of the Revocation and Power of 
Attorney and Change of Address filed on February 20, 2003, and kindly direct all future 
correspondence to the address indicated, i.e., to: 



500.00 Dft 



01 FC-.1A02 



Appeal Brief 
Application Serial No. 09/997,628 
Attorney's Docket No. 39780-2730 P1C30 



t 

o 
o 

LU 
-J 
CQ 



< 

co 

UJ 
CO 



CUSTOMER NO. 35489 

Ginger R. Dreger 
Heller Ehrman White & McAuliffe LLP 
275 Middlefield Road 
Menlo Park, California 94025 
Telephone: (650) 324-7000 
Facsimile: (650)324-0638 

The following constitutes the Appellants' Brief on Appeal. 

I. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the parent application, U.S. Serial No. 09/941,992 recorded November 16, 2001, 
at Reel 012176 and Frame 0450. 

II. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as "PRO1097". There exist two related patent applications, (1) U.S. Serial No. 
09/997,614, filed November 15, 2001 (containing claims directed to PRO1097 polypeptides), 
and (2) U.S. Serial No. 09/989,723, filed November 19, 2001 (containing claims directed to 
nucleic acids encoding PRO 1097 polypeptides). These two related applications are also under 
final rejection from the same Examiner and based upon the same outstanding rejection, therefore 
appeal of these final rejections are being pursued independently and concurrently herewith. 

III. STATUS OF CLAIMS 

Claims 119-123 are in this application. 
Claims 1-118 and 124 have been canceled. 

Claims 1 19-123 stand rejected and Appellants appeal the rejection of these claims. 

A copy of the rejected claims in the present Appeal is provided in the Claims Appendix. 
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IV. STATUS OF AMENDMENTS 

In an Amendment filed on March 10, 2005 after the mailing of the Final Office of 
November 18, 2004, a request under Rule C.F.R. §1.48 for correction of inventorship was filed, 
and this amendment was entered for purposes of this appeal. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated antibody that 
specifically binds to the polypeptide of SEQ ID NO: 349 (Claim 119), referred to in the present 
application as "PRO 1097." The invention is further directed to monoclonal antibodies (Claim 
120), humanized antibodies (Claim 121), antibody fragments (Claim 122), and labeled antibodies 
(Claim 123) that specifically bind to the polypeptide of SEQ ID NO: 349. The PRO1097 gene 
was shown for the first time in the present application to be significantly amplified in human 
lung or colon cancers as compared to normal, non-cancerous human tissue controls (Example 
170). 

Support for the preparation and uses of antibodies is found throughout the specification, 
including, for example, pages 390-395. The preparation of antibodies is described in Example 
144, while Example 145 describes the use of the antibodies for purifying the polypeptides to 
which they bind. Isolated antibodies are defined in the specification at page 315, line 3 1 . 
Support for monoclonal antibodies is found in the specification at, for example, page 390, line 
17, to page 392, line 3. Support for humanized antibodies is found in the specification at, for 
example, page 392, line 4, to page 393, line 6. Support for antibody fragments is found in the 
specification at, for example, page 314, line 30 onwards. Support for labeled antibodies is found 
in the specification at, for example, page 316, lines 3. 

The polypeptide of SEQ ID NO:349 is designated PRO1097, and its amino acid sequence 
is shown in Figure 244, while the encoding nucleic acid sequence (SEQ ID NO:348) is shown in 
Figure 243. The specification discloses that various portions of the PRO1097 polypeptide 
possess significant sequence similarity to the glycoportease family of proteins and the 
acyltransferase ChoActase/COT/CPT family (see, for example, page 218, lines 31-34). The 
isolation of cDNA clones encoding PRO1097 of SEQ ID NO:349 is described in Example 107. 
Examples 140-143 and page 376, line 12 onwards describe the expression of PRO polypeptides 
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in various host cells, including E. coli, mammalian cells, yeast and Baculovirus-infected insect 
cells. 

Finally, Example 170, in the specification at page 539, line 19, to page 555, line 5, sets 
forth a 'Gene Amplification assay' which shows that the PRO 1097 gene is amplified in the 
genome of certain human lung or colon cancers (see Table 9, page 550): The profiles of various 
primary lung and colon tumors used for screening the PRO polypeptide compounds of the 
invention in the gene amplification assay are summarized on Table 8, page 546 of the 
specification. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1 . Whether Claims 119-123 should be accorded priority of provisional Application 
60/141,037, filed 19 November, 2001. 

2. Whether Claims 1 19-123 satisfy the utility/ enablement requirement under 35 
U.S.C. §101/112, first paragraph. 

VII. GROUPING OF CLAIMS 

With respect to Issue 1, all claims (Claims 1 19-123) stand and fall together. 
With respect to Issue 2, all claims (Claims 1 19-123) stand and fall together. 

VIII. ARGUMENTS 
Summary of the Arguments: 

Issue 1 : Utility 

The instant application has not been granted the earlier priority date on the grounds that 
"although disclosing the same experimental assays as the instant specification, do not enable the 
instant invention and therefore do not impart Utility. . ." 

Appellants submit that data derived from the Gene Amplification assay was first 
disclosed in U. S. Application Serial No. 60/141,037, filed 19 November, 2001 for the claimed 
PRO 1097 and antibodies thereof. Appellants further submit that, the same detailed reasons 
discussed below under the section on Issue II: Utility/ Enablement, are sufficient to also establish 
patentable utility for U. S. Application Serial No. 60/141,037. Hence, Appellants should be able 
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to rely upon this provisional application to provide an effective filing date of 19 November, 2001 
for the instant application. 

Issue 2: Utility/ Enablement 

Claims 1 19^123 stand rejected under 35 U.S.C. §101/ 1 12, first paragraph as allegedly 
lacking either a specific and substantial asserted utility or a well established utility. Appellants 
have previously submitted that patentable utility for the PRO 1097 polypeptides is based upon the 
gene amplification data for the gene encoding the PRO 1097 polypeptide. The specification 
discloses that the gene encoding PRO 1097 showed significant amplification, ranging from 2.313 
to 2.346 fold in two different lung primary tumors and 2.114 to 2.532 fold in three different 
colon primary tumors . Therefore, such a gene is useful as a marker for the diagnosis of cancer , 
and for monitoring cancer development and/or for measuring the efficacy of cancer therapy. 

In the first Office action mailed June 10, 2004, the Examiner cited references Hittelman 
et al. and Crowell et al, to show that "a slight increase in clone numbers in a cancerous tissue is 
no doubt due to an increased number of chromosomes, a very common characteristic of 
cancerous and non-cancerous epithelial cells." Appellants submit that, in fact, the Hittelman 
reference supports the Appellants position that there is utility in identifying genetic biomarkers 
in epithelial tissues at cancer risk (see Hittelman, abstract, line 4-7). 

The Examiner further cited references Skolnick et al., Bork et al., Doerks et al., 
Hesselgesser et al. and Blease et al. to show that "function cannot be predicted based solely on 
structural similarity to a protein found in sequence databases." Appellants had argued in their 
response of September 10, 2004 that Appellants assertion for utility of PRO 1097 was not based 
on structural similarity. 

The Examiner further asserted in the Final Office Action mailed November 18, 2004 that 
amplification of the PRO 1097 polynucleotide does not impart a specific, substantial, and credible 
utility to the PRO 1097 polypeptide and antibodies thereof since, "there is no evidence regarding 
whether or not PRO 1097 mRNA or polypeptide levels are also increased in (these) cancer." In 
support of this assertion, the Examiner cited references by Pennica et al., Haynes et al. and Hu 
et al. 

Appellants submit that, the teachings of Pennica et al. are not directed towards genes in 

general but to a single gene or genes within a single family and thus, their teachings cannot 

support a general conclusion regarding correlation between gene amplification and mRNA or 
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protein levels. Further, Appellants submit that the teachings of Haynes et al. in fact, meets the 
"more likely than not standard" and shows that a positive correlation exists between mRNA and 
protein. And based on the nature of the statistical analysis performed in one class of genes in Hu 
et al, the Examiner's conclusions are not reliably supported . Thus, Appellants submit that these 
references do not conclusively establish a prima facie case for lack of utility. 

In contrast, Appellants have submitted ample evidence to show that, in general, if a gene 
is amplified in cancer, it is more likely than not that the encoded protein will be expressed at an 
elevated level. First, the articles by Orntoft et al, Hyman et al, and Pollack et al. (made of 
record in Appellants' Response filed September 10, 2004) collectively teach that in general gene 
amplification increases mRNA expression . Second, the Declaration of Dr. Paul Polakis (made of 
record in Appellants' Response filed September 10, 2004), principal investigator of the Tumor 
Antigen Project of Genentech, Inc., the assignee of the present application, shows that, in 
general there is a correlation between mRNA levels and polypeptide levels . 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip arrays in 2004. Clearly, the research community believes that the 
information obtained from these chips is useful (i.e., that it is more likely than not informative of 
the protein level). 

Taken together, although there are some examples in the scientific art that do not fit 
within the central dogma of molecular biology that there is a correlation between DNA, mRNA, 
and polypeptide levels, these instances are exceptions rather than the rule . In the majority of 
amplified genes , as exemplified by Orntoft et al, Hyman et al, Pollack et al, the Polakis 
Declaration and the widespread use of array chips, the teachings in the art overwhelmingly show 
that gene amplification influences gene expression at the mRNA and protein levels . Therefore, 
one of skill in the art would reasonably expect in this instance, based on the amplification data 
for the PRO 1097 gene, that the PRO 1097 polypeptide is concomitantly overexpressed. Thus, the 
claimed antibodies to PRO 1097 polypeptides also have utility in the diagnosis of cancer. 

Appellants further submit that even if there is no correlation between gene amplification 
and increased mRNA/protein expression, (which Appellants expressly do not concede), a 
polypeptide encoded by a gene that is amplified in cancer would still have a specific, substantial, 
and credible utility. Appellants submit that, as evidenced by the Ashkenazi Declaration and the 
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teachings of Hanna and Mornin (both made of record in Appellants' Response filed September 
10, 2004), simultaneous testing of gene amplification and gene product over-expression enables 
more accurate tumor classification , even if the gene-product, the protein, is not over-expressed. 
This leads to better determination of a suitable therapy for the tumor, as demonstrated by a real- 
world example of the breast cancer marker HER-2/neu. Accordingly, Appellants submit that 
when the proper legal standard is applied, one should reach the conclusion that the present 
application discloses at least one patentable utility for the claimed PRO1097 polypeptides and its 
antibodies thereof. 

Response to Rejections 

ISSUE 1. U.S. Provisional Application No. 60/141,037 Satisfies the Utility Requirement of 
35 U.S.C. § 101/ § 112, First Paragraph based on the results of the Gene Amplification assay 

Appellants have asserted that U.S. Provisional Application No. 60/141,037, filed 
November 19, 2001, discloses the gene amplification assay (shown in Example 170 of the instant 
specification) and establishes patentable utility for the claimed PRO 1097 polypeptides. 

Appellants submit, for the reasons set forth below under Issue 2 for Utility/ Enablement, 
that the results of the gene amplification assay disclosed in the specification of U.S. Application 
No. 60/141,037, provides at least one credible, substantial and specific asserted utility for the 
claimed PRO1097 polypeptides and antibodies thereof under 35 U.S.C. §101/§1 12, first 
paragraph. Accordingly, Appellants respectfully request that the subject matter of the instant 
claims be granted the November 19, 2001, priority date of U.S. Provisional Application No. 
60/141,037. 

ISSUE 2. Claims 119-123 are supported by a credible, specific and substantial asserted 
utility, and thus meet the utility requirement of 35 U.S.C. § 101/ 112, first paragraph 

The sole basis for the Examiner's rejection of Claims 1 19-123 under this section is that 
the data presented in Example 170 of the present specification is allegedly insufficient under the 
present legal standards to establish a patentable utility under 35 U.S.C. § 101 for the presently 
claimed subject matter. 

Claims 1 19-123 stand further rejected under 35 U.S.C. §112, first paragraph, allegedly 
"since the claimed invention is not supported by either a specific and substantial asserted utility or a 
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well established utility for the reasons set forth above, one skilled in the art clearly would not know 
how to use the claimed invention." 

Appellants strongly disagree and, therefore, respectfully traverse the rejection. 

A. The Legal Standard For Utility Under 35 U.S.C. § 101 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a patent 
therefor, subject to the conditions and requirements of this title. (Emphasis added.) 

In interpreting the utility requirement, in Brenner v. Manson, 1 the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 

her invention, i.e. a utility "where specific benefit exists in currently available form."2 The 
Court concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 

commerce rather than the realm of philosophy. "3 

Later, in Nelson v. Bowler,^ the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may 
not establish a specific therapeutic use. The court held that "since it is crucial to provide 
researchers with an incentive to disclose pharmaceutical activities in as many compounds as 
possible, we conclude adequate proof of any such activity constitutes a showing of practical 

utility." 5 

In Cross v. lizukap the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 

1 Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 

2 Id. at 534, 148 U.S.P.Q. (BNA) at 695. 

3 Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

4 Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 

5 Id. at 856, 206 U.S.P.Q. (BNA) at 883. 

6 Cross v. Iizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
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less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e. there is a reasonable correlation there between."^ The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 

practical utility. 

The case law has also clearly established that Appellants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face.9 The PTO has the initial 

burden to prove that Appellants' claims of usefulness are not believable on their face. 10 In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in 
the art to question the objective truth of the statement of utility or its scope." 1 !• 12 

Compliance with 35 U.S.C. §101 is a question of fact.13 The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration. 14 Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 



7 Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 

8 Id. 

9 In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 

10 Ibid. 

11 In re Longer, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

12 See also In re Jolles, 628 F.2d 1322, 206 USPQ 885 (C.C.P.A. 1980); In re Irons, 340 
F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 1154, 1159, 196 USPQ 209, 212-13 
(C.C.P.A. 1977). 

13 Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

14 In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
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Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 

("Utility Guidelines")^, which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when 
it is particular to the subject matter claimed. For example, it is generally not enough to state that 
a nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the 
public" or similar formulations used in certain court decisions to mean that products or services 
based on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement. "Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least with 
regard to defining a 'substantial' utility."^ Indeed, the Guidelines for Examination of 

Applications for Compliance With the Utility Requirement,^ gives the following instruction to 
patent examiners: "If the applicant has asserted that the claimed invention is useful for any 
particular practical purpose . . . and the assertion would be considered credible by a person of 
ordinary skill in the art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Appellants respectfully submit that the data presented in Example 1 70 starting on page 
539 of the specification of the specification and the cumulative evidence of record, which 
underlies the current dispute, indeed support a "specific^ substantial and credible" asserted utility 
for the presently claimed invention. 



15 66 Fed. Reg. 1092(2001). 

16 M.P.E.P. §2107.01. 

17 M.P.E.P. §2107 II (B)(1). 
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Example 170 describes the results obtained using a very well-known and routinely 
employed polymerase chain reaction (PCR)-based assay, the TaqMan™ PCR assay, also referred 
to herein as the gene amplification assay. This assay allows one to quantitatively measure the 
level of gene amplification in a given sample, say, a tumor extract, or a cell line. It was well 
known in the art at the time the invention was made that gene amplification is an essential 
mechanism for oncogene activation. Appellants isolated genomic DNA from a variety of primary 
cancers and cancer cell lines that are listed in Table 9 (pages 539 onwards of the specification), 
including primary lung and colon cancers of the type and stage indicated in Table 8 (page 546). 
The tumor samples were tested in triplicates with Taqman™ primers and with internal controls, 
beta-actin and GADPH in order to quantitatively compare DNA levels between samples (page 
548, lines 33-34). As a negative control, DNA was isolated from the cells often normal healthy 
individuals, which was pooled and used as a control (page 539, lines 27-29) and also, no- 
template controls (page 548, lines 33-34). The results of TaqMan™ PCR are reported in ACt 
units, as explained in the passage on page 539, lines 37-39. One unit corresponds to one PCR 
cycle or approximately a 2-fold amplification, relative to control, two units correspond to 4-fold, 
3 units to 8-fold amplification and so on . Using this PCR-based assay, Appellants showed that 
the gene encoding for PRO1097 was amplified, that is, it showed approximately 1.21- 1.23 ACt 

1 21 1 23 

units for lung tumors and 1.08-1.34 ACt units for colon tumors which corresponds to 2 -2 - 
fold amplification in lung and 2 1 ' 08 -2 134 - fold amplification in colon tumors respectively, or 
2.313 to 2.346 fold in two different lung primary tumors and 2.114 to 2.532 fold in three 
different colon primary tumors . 

The Examiner acknowledged that there was an "increase" in DNA, but stated that the 
increase was "slight" or "small". In fact, based on Hittelman et al, the Examiner stated that such 
a "slight increase in clone numbers in cancerous tissue is no doubt due to an increased number of 
chromosomes, a very common characteristic of cancerous and non-cancerous epithelial cells." 
Appellants disagree. 

Hittelman studied premalignant lesions and suggests that epithelial tumors develop 
through a multistep process driven by genetic instability (see abstract). Hittelman showed that a 
subset of the same molecular changes found in associated tumor were also found in premalignant 
lesions, suggesting that these premalignant lesions might represent precursor lesions for 
associated tumors, i.e., a manifestation of a multistep tumorigenesis process. (See Hittelman, 

1 1 Appeal Brief 

Application Serial No. 09/997,628 
Attorney's Docket No. 39780-2730 P1C30 



page 4, last three lines). Appellants therefore submit that, contrary to the Examiner's rejection, 
the Hittelman reference strongly supports the Appellants position that there is utility in 
identifying genetic biomarkers in epithelial tissues at cancer risk (also see Hittelman, abstract, 
line 4-7). Hittelman adds on page 2, fourth paragraph, line 3 that "it is important to identify 
individuals at significantly increased cancer risk who might best benefit from different types of 
intervention". Taken together, even if Appellants were to show that the observed PRO 1097 gene 
amplification were due to chromosomal aneuploidy (which Appellants do not contend to), 
identifying genetic biomarkers like the PRO 1097 gene with this aneuploidy is a very important 
and useful step, according to Hittelman, in identifying individuals at significantly increased 
cancer risk. Therefore, Hittelman supports at least one utility for the PRO 1097 gene, that is, as a 
genetic biomarker for cancer or precancerous cells. As one skilled in the art would clearly know, 
early detection of lung cancer provides information in advance about risk assessment, prognosis 
and therapy for lung cancer. 

As evidence that the "increase in DNA" in the gene amplification assay is significant, 
Appellants submit a Declaration by Dr. Audrey Goddard (copy enclosed herewith). The 
Declaration by Dr. Audrey Goddard provides a statement by an expert in the relevant art that 
"fold amplification" values of at least 2-fold are considered significant in the TaqMan™ PCR 
gene amplification assay. This Declaration is necessary at this time to counter the assertion that 
the gene amplification data does not have utility. The issue whether the fold increase in the gene 
amplification assay for the PRO 1 097 gene was "significant" was not raised in the First Office 
action mailed June 10, 2004 nor in the Final Office action mailed November 18, 2004. 
Therefore, this declaration addressing "significance" was not presented earlier since the 
Appellants had no opportunity or reason to address this issue until now. Thus good and 
sufficient reasons exist why this Declaration is necessary and was not earlier presented. 
Appellants therefore submit that entry of the Goddard Declaration is appropriate at this time and 
respectfully request that it be considered.. 
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Appellants particularly draw the Board's attention to page 3 of the Goddard Declaration 

which clearly states that: 

It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is 
significant and useful in that the detected increase in gene copy number in the tumor 
sample relative to the normal sample serves as a basis for using relative gene copy 
number as quantitated by the TaqMan PCR technique as a diagnostic marker for the 
presence or absence of tumor in a tissue sample of unknown pathology. Accordingly, a 
gene identified as being amplified at least 2-fold by the quantitative TaqMan PCR assay 
in a tumor sample relative to a normal sample is useful as a marker for the diagnosis of 
cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. (Emphasis added). 

Accordingly, the 2.313 to 2.346 fold in two different lung primary tumors and 2.1 14 to 2.532 
fold in three different colon primary tumors would be considered significant and credible by one 
skilled in the art, based upon the facts disclosed in the Goddard Declaration. 

Further Appellants submit that the fact that two lung tumor samples and three colon 
tumor samples tested positive in this study does not make the gene amplification data, by any 
means, less significant or spurious. As any skilled artisan in the field of oncology would easily 
appreciate, not all tumor markers are generally associated with every tumor, or even, with most 
tumors. In fact, some tumor markers are useful for identifying rare malignancies . That is, the 
association of the tumor marker with a particular type of tumor lesion may be rare, or, the 
occurrence of that particular kind of tumor lesion itself may be rare. In either event, even these 
rare tumor markers, which may not give a positive hit with most common tumors, have great 
value in tumor diagnosis, and consequently, in tumor prognosis . The skilled artisan would know 
that such tumor markers are very useful for better classification of tumors. Therefore, whether 
the PRO 1097 gene is amplified in two lung/ three colon tumors or in most tumors is not relevant 
to its identification as a tumor marker, or its patentable utility. Rather, whether the 
amplification data for PRO1097 is significant is what lends support to its usefulness as a tumor 
marker. It was well known in the art at the time of filing of the application that gene 
amplification, which occurs in most solid tumors like lung and colon cancers, is generally 
associated with poor prognosis. Therefore, the PRO 1097 gene becomes an important diagnostic 
marker to identify such malignant lung or colon cancers, even if the malignancy associated with 
PRO1097 molecule is a rare occurrence . Accordingly, the present specification clearly discloses 
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enough evidence that the gene encoding the PRO 1097 polypeptide is significantly amplified in 

certain types of lung or colon tumors and therefore, antibodies thereof are also valuable 

diagnostic marker for identifying certain types of lung or colon cancers. 

In the final Office Action, the Examiner points out that "there is no evidence regarding 

whether or not PRO 1097 mRNA or polypeptide levels are also increased in this cancer". The 

Examiner points out in the Final Office Action mailed on November 18, 2004, that: 

"what is often seen is a lack of correlation between DNA amplification and increased 
peptide levels (Pennica et al.) As discussed by Haynes et al, polypeptide levels cannot 
be accurately predicted from mRNA levels. . .the literature cautions researches against 
drawing conclusions based on small changes in transcript expression levels between 
normal and cancerous tissue." 

Appellants strongly disagree. Appellants submit that the Examiner applied an improper 
legal standard when making this rejection. The evidentiary standard to be used throughout ex 
parte examination of a patent application is a preponderance of the totality of the evidence under 
consideration. Thus, to overcome the presumption of truth that an assertion of utility by the 
applicant enjoys, the Examiner must establish that it is more likely than not that one of ordinary 
skill in the art would doubt the truth of the statement of utility. Only after the Examiner has 
made a proper prima facie showing of lack of utility, does the burden of rebuttal shift to the 
applicant. 

Accordingly, it is not a legal requirement to establish a necessary correlation between an 
increase in the copy number of the DNA and protein expression levels that would correlate to the 
disease state or that it is imperative to find evidence that DNA amplification is " necessarily " or 
"always" associated with overexpression of the gene product. Appellants respectfully submit 
that when the proper evidentiary standard is applied, a correlation must be acknowledged. 

First of all, the teachings of Pennica et al. are specific to WISP genes, a specific class of 
closely related molecules. Pennica et al. showed that there was good correlation between DNA 
and mRNA expression levels for the WISP- J gene but not for WISP -2 and WISPS genes. But, 
the fact that in the case of closely related molecules, there seemed to be no correlation between 
gene amplification and the level of mRNA/protein expression does not establish that it is more 
likely than not, in general, that such correlation does not exist. As discussed above, the standard 
is not absolute certainty . Pennica et al. has no teaching whatsoever about the correlation of gene 
amplification and protein expression for genes in general . Indeed, the working hypothesis 
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among those skilled in the art is that, if a gene is amplified in cancer, the encoded protein is 
likely to be expressed at an elevated level. In fact, as noted even in Pennica et al, "[a]n analysis 
of WISP-l gene amplification and expression in human colon tumors showed a correlation 
between DNA amplification and over-expression ..." (Pennica et al, page 14722, left column, 
first full paragraph, emphasis added). Accordingly, Appellants respectfully submit that Pennica 
et al. teaches nothing conclusive regarding the absence of correlation between gene amplification 
and over-expression of mRNA or polypeptides in most genes, in general. 

Further, contrary to the Examiner's reading, the Haynes et al. reference teaches that 
"there was a general trend but no strong correlation between protein [expression] and transcript 
levels" (Emphasis added). For example, in Figure 1, there is a positive correlation between 
mRNA and protein levels amongst most of the 80 yeast proteins studied. In fact, very few data 
points deviated or scattered away from the expected normal and no data points showed a 
negative correlation between mRNA and protein levels (i.e. an increase in mRNA resulted in a 
decrease in protein levels). The analysis by Haynes et al. is not relevant to the current 
application. Haynes was studying yeast cells and not human cells. Haynes et al notes that their 
analysis focused on the 80 most abundant proteins in the yeast lysate (page 1867). Haynes et al. 
states "since many important regulatory protein are present only at low abundance, these would 
not be amenable to analysis" (page 1867). Further, Haynes et al. compared the protein 
expression levels of these, naturally abundant proteins to mRNA expression levels from 
published SAGE frequency tables (page 1863). Accordingly, Haynes et al. did not compare 
mRNA expression levels and protein levels in the same yeast cells. And thus, the analysis by 
Haynes et al. is not applicable to the present application. In fact, when the proper legal standard 
is used, Haynes' teachings clearly support the Appellants' position and is all that's needed to 
meet the "more likely than not" evidentiary standard. Again, accurate prediction is not the 
standard . 

The Examiner further cited Hu et al, to show that "by the current literature. . .one skilled 
in the art would not assume that a small increase in gene copy number would correlate with 
significantly increased mRNA or polypeptide levels" (Page 5 of the Final Office action mailed 
November 18, 2004). 

First of all, as discussed above, the increase in DNA copy number for the PRO 1097 gene 
is significant. Further, Appellants respectfully submit that, contrary to the Examiner's assertion, 
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the cited Hu et al. reference does not conclusively establish a prima facie case for lack of utility 
for the PRO 1097 molecule. The Hu et al. reference is entitled "Analysis of Genomic and 
Proteomic Data using Advanced Literature Mining" (emphasis added). Therefore, as the title 
itself suggests, the conclusions in this reference are based upon statistical analysis of information 
obtained from published literature, and not from experimental data. Hu et al. performed 
statistical analysis to provide evidence for a relationship between mRNA expression and 
biological function of a given molecule (as in disease). The conclusions of Hu et al. however, 
only apply to a specific type of breast tumor (estrogen receptor (ER)-positive breast tumor) and 
cannot be generalized to breast cancer genes in general, let alone to cancer genes in general. 
Interestingly, the observed correlation was only found among ER-positive (breast) tumors not 
ER-negative tumors." (See page 412, left column). 

Moreover, the analytical methods utilized by Hu et al. have certain statistical drawbacks, 
as the authors themselves admit. For instance, according to Hu et al, "different statistical 
methods" were applied to "estimate the strength of gene-disease relationships and evaluated the 
results." (See page 406, left column, emphasis added). Using these different statistical methods, 
Hu et al. "[a]ssessed the relative strengths of gene-disease relationships based on the frequency 
of both co-citation and single citation." (See page 41 1, left column). As is well known in the 
art, different statistical methods allow different variables to be manipulated to affect the resulting 
outcome. In this regard, the authors disclose that, "Initial attempts to search the literature " using 
the list of genes, gene names, gene symbols, and frequently used synonyms generated by the 
authors "revealed several sources of false positives and false negatives." (See page 406, right 
column). The authors add that the false positives caused by "duplicative and unrelated meanings 
for the term" were "difficult to manage." Therefore, in order to minimize such false positives, 
Hu et al. disclose that these terms "had to be eliminated entirely, thereby reducing the false 
positive rate but unavoidably under-representing some genes." Id. (emphasis added). Hence, Hu 
et al. had to manipulate certain aspects of the input data, in order to generate, in their opinion, 
meaningful results. Further, because the frequency of citation for a given molecule and its 
relationship to disease only reflects the current research interest of a molecule, and not the true 
biological function of the molecule, as the authors themselves acknowledge, the "[Relationship 
established by frequency of co-citation do not necessarily represent a true biological link." (See 
page 41 1, right column). Therefore, based on these findings, the authors add, "[t]his may reflect 
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a bias in the literature to study the more prevalent type of tumor in the population. Furthermore, 
this emphasizes that caution must be taken when interpreting experiments that may contain 
subpopulations that behave very differently." Id. (Emphasis added). In other words, some 
molecules may have been underrepresented merely because they were less frequently cited or 
studied in literature compared to other more well-cited or studied genes. Therefore, Hu et al.'s 
conclusions are not based on genes/mRNA in general. 

Therefore, Appellants submit that, based on the nature of the statistical analysis 
performed herein, and in particular, based on Hu's analysis of one class of genes, namely, the 
estrogen receptor (ER)-positive breast tumor genes, the conclusions drawn by the Examiner, 
namely that, "genes displaying a 5-fold change or less (mRNA expression) in tumors compared 
to normal showed no evidence of a correlation between altered gene expression and a known role 
in the disease (in general)" is not reliably supported. 

Therefore, when the proper legal standard is used, a prima facie case of lack of utility has 
not been met based on the cited references Pennica et ai, Haynes et al. or Hu et al. by the 
Examiner. 

On the contrary, Appellants submit that Example 170 in the specification further 
discloses that, "(amplification is associated with overexpression of the gene product, indicating 
that the polypeptides are useful targets for therapeutic intervention in certain cancers such as 
colon, lung, breast and other cancers and diagnostic determination of the presence of those 
cancers" (emphasis added). Besides, Appellants have submitted ample evidence (discussed 
below) to show that, in general, if a gene is amplified in cancer, it is "more likely than not" likely 
that the encoded protein will also be expressed at an elevated level. 

For support, Appellants presented the articles by Orntoft et al., Hyman et al., and Pollack 
et al. (made of record in Appellants' Response filed September 10, 2004), who collectively teach 
that in general for most genes, DNA amplification increases mRNA expression . The results 
presented by Orntoft et al, Hyman et al, and Pollack et al. are based upon wide ranging 
analyses of a large number of tumor associated genes. Orntoft et al. studied transcript levels of 
5600 genes in malignant bladder cancers, many of which were linked to the gain or loss of 
chromosomal material, and found that in general (18 of 23 cases) chromosomal areas with more ' 
than 2-fold gain of DNA showed a corresponding increase in mRNA transcripts. Hyman et al. 
compared DNA copy numbers and mRNA expression of over 12,000 genes in breast cancer 
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tumors and cell lines, and found that there was evidence of a prominent global influence of copy 
number changes on gene expression levels. In Pollack et al, the authors profiled DNA copy 
number alteration across 6,691 mapped human genes in 44 predominantly advanced primary 
breast tumors and 10 breast cancer cell lines, and found that on average, a 2-fold change in DNA 
copy number was associated with a corresponding 1 .5-fold change in mRNA levels. In summary, 
the evidence supports the Appellants' position that gene amplification is more likely than not 
predictive of increased mRNA and polypeptide levels. 

Second, the Declaration of Dr. Paul Polakis (made of record in Appellants' Response 
filed September 10, 2004), principal investigator of the Tumor Antigen Project of Genentech, 
Inc., the assignee of the present application, explains that in the course of Dr. Polakis' research 
using microarray analysis, he and his co-workers identified approximately 200 gene transcripts 
that are present in human tumor cells at significantly higher levels than in corresponding normal 
human cells. Appellants submit that Dr. Polakis' Declaration was presented to support the 
position that there is a correlation between mRNA levels and polypeptide levels, the correlation 
between gene amplification and mRNA levels having already been established by the data shown 
in the Orntoft et al, Hyman et al, and Pollack el al. articles. Appellants further emphasize that 
the opinions expressed in the Polakis Declaration, including in the above quoted statement, are 
all based on factual findings. For instance, antibodies binding to about 30 of these tumor 
antigens were prepared, and mRNA and protein levels were compared. In approximately 80% of 
the cases , the researchers found that increases in the level of a particular mRNA correlated with 
changes in the level of protein expressed from that mRNA when human tumor cells are 
compared with their corresponding normal cells . Therefore, Dr. Polakis' research, which is 
referenced in his Declaration, shows that, in general, there is a correlation between increased 
mRNA and polypeptide levels . 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip® arrays in 2004. Clearly, the research community believe that the 
information obtained from these chips is useful (i.e., that it is more likely than not that the results 
are informative of protein levels). 

Taken together, all of the submitted evidence supports the Appellants' position that, in 
the majority of amplified genes , increased gene amplification levels, more likely than not, predict 
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increased mRNA and polypeptide levels, which clearly meets the utility standards described 
above. Hence, one of skill in the art would reasonably expect that, based on the gene 
amplification data of the PRO 1097 gene, the PRO 1097 polypeptide is concomitantly 
overexpressed in the lung or colon tumors studied as well and therefore, antibodies to the 
polypeptide are useful in detecting cancer. 

Appellants further submit that, even if there were no correlation between gene 
amplification and increased mRNA/protein expression, (which Appellants expressly do not 
concede), a polypeptide encoded by an amplified gene in cancer and its antibodies would still 
have a specific, substantial, and credible utility as explained below. As the Declaration of Dr. 
Avi Ashkenazi (submitted with Appellants' Response filed September 10, 2004) explains: 

"even when amplification of a cancer marker gene does not result in significant over- 
expression of the corresponding gene product, this very absence of gene product over- 
expression still provides significant information for cancer diagnosis and treatment." 

Thus, even if over-expression of the gene product does not parallel gene amplification in 
certain tumor types, parallel monitoring of gene amplification and gene product over-expression 
enables more accurate tumor classification and hence better determination of suitable therapy. In 
addition, absence of over-expression is crucial information for the practicing clinician. If a gene 
is amplified in a tumor, but the corresponding gene product is not over-expressed, the clinician 
will decide not to treat a patient with agents that target that gene product. This not only saves 
money, but also has the benefit that the patient can avoid exposure to the side effects associated 
with such agents. 

This utility is further supported by the teachings of the article by Hanna and Mornin. 
(Pathology Associates Medical Laboratories, August (1999), submitted with the Response filed 
September 10, 2004). The article teaches that the HER-2/neu gene has been shown to be 
amplified and/or over-expressed in 10%-30% of invasive breast cancers and in 40%-60% of 
intraductal breast carcinomas. Further, the article teaches that diagnosis of breast cancer 
includes testing both the amplification of the HER-2/neu gene (by FISH) as well as the over- 
expression of the HER-2/neu gene product (by IHC). Even when the protein is not over- 
expressed, the assay relying on both tests leads to a more accurate classification of the cancer 
and a more effective treatment of it. 
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The Examiner asserts that, 

"Hanna et al. supports the instant rejection, in that Hanna et al. show that gene 
amplification does not reliably correlate with polypeptide overexpression, and thus the 
level of polypeptide expression must be tested empirically." (Page 8 of the Final Office 
Action mailed November 1 8, 2004). 

Appellants respectfully point out that the Examiner appears to have misread Hanna et al. Hanna 
et al. clearly state that gene amplification (as measured by FISH) and polypeptide expression (as 
measured by immunohistochemistry, IHC) are well correlated ("in general, FISH and IHC results 
correlate well" (Hanna et al. p. 1, col. 2)). It is only a subset of tumors which show discordant 
results. Thus, Hanna et al. support Appellants' position rather well that it is more likely than not 
that gene amplification correlates with increased polypeptide expression. The Examiner appears 
to view such testing described in the Ashkenazi Declaration and the Hanna paper as experiments 
involving further characterization of the PRO 1097 polypeptide itself. On the contrary, such 
testing is for the purpose of characterizing not the PRO1097 polypeptide, but the tumors in 
which the gene encoding PRO 1097 is amplified. That is, such further testing or research is for 
the purpose of characterizing the tumors into medically relevant categories in which the gene 
encoding PRO 1097 is/ is not amplified, and such techniques were routine in the art of clinical 
oncology at the time of filing of the instant application, as evidenced by the teaching of Hanna 
and Mornin. 

Thus, based on the asserted utility for PRO 1097 in the diagnosis of selected lung or colon 
tumors, the reduction to practice of the instantly claimed protein sequence of SEQ ID NO: 349 in 
the present application (also see page 305), the disclosure of the step-by-step protocols for 
making antibodies to PRO polypeptides, including monoclonal (page 390), humanized (page- 
392), labeled antibodies (page 316) and antibody fragments (page 314) and the preparation, 
isolation and detection of antibodies in the specification (at page 390 to page 395) and the 
disclosure of the gene amplification assay in Example 170, the skilled artisan would know 
exactly how to make and use the claimed polypeptide and antibodies thereof for the diagnosis of 
lung or colon cancers. Appellants submit that based on the detailed information presented in the 
specification and the advanced state of the art in oncology, the skilled artisan would have found 
such testing routine and not 'undue'. 
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Contrary to the Appellants assertion of utility, however, the Examiner alleges that the 
gene amplification results presented in Example 170 does not render the presently claimed 
polypeptides patentably useful, and, finds the declaratory evidence presented in this case, for 
what Appellants consider legally inappropriate reasons, "non-persuasive". 

Regarding the non-acceptance of the Polakis and Ashkenazi declarations by the 
Examiner, Appellants respectfully draw the Examiner's attention to case law that clearly 
establishes that in considering affidavit evidence, the Examiner must consider all of the evidence 
of record anew (In reRinehart, 531 F.2d 1084, 189 USPQ 143 (C.C.P.A. 1976); In rePiasecki, 
745 F.2d. 1015, 226 USPQ 881 (Fed. Cir. 1985)). "After evidence or argument is submitted by 
the applicant in response, patentability is determined on the totality of the record, by a 
preponderance of the evidence with due consideration to persuasiveness of argument" (In re 
Alton, 37 USPQ2d 1578 1584 (Fed. Cir 1966) (quoting In re Oetiker, 977 F.2d 1443, 1445, 24 
USPQ2d 1443, 1444 (Fed. Cir. 1992)). Furthermore, the Federal Court of Appeals held in In re 
Alton, "We are aware of no reason why opinion evidence relating to a fact issue should not be 
considered by an examiner" (In re Alton, supra.). Appellants further draw the Examiner's 
attention to the Utility Examination Guidelines (Part KB, 66 Fed. P.eg. 1 098 (2001)) which 
states, 

"Office personnel must accept an opinion from a qualified expert that is based upon 
relevant facts whose accuracy is not being questioned; it is improper to disregard the 
opinion solely because of a disagreement over the significance or meaning of the facts 
offered." 

The statement in question from the Polakis Declaration that "it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative to a normal 
cell typically correlates to a similar increase in abundance of the encoded protein in the tumor 
cell relative to the normal cell" is based on his own experimental findings, which is clearly set 
forth in the Declaration. Further, the teachings of Ashkenazi are supported by the Her-2/neu 
gene example in Hanna and Mornin. Accordingly, the fact-based conclusions of Dr. Polakis and 
Dr. Ashkenazi would be considered reasonable and accurate by one skilled in the art. Thus, 
barring evidence to the contrary, Appellants maintain that the fold amplification disclosed for the 
PRO 1097 gene is significant and forms the basis for the utility for the claimed antibodies to the 
PRO 1097 polypeptide. 
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Therefore, since the instantly claimed invention is supported by either a credible, specific 
and substantial asserted utility or a well-established utility, and since the present specification 
clearly teaches one skilled in the art "how to make and use" the claimed invention without undue 
experimentation, Appellants respectfully request reconsideration and reversal of this outstanding 
rejections under 35 U.S.C. §101 and §112, First Paragraph to Claims 119-123. . 



For the reasons given above, Appellants submit that present specification clearly 
describes, details and provides a patentable utility for the claimed invention. Moreover, it is 
respectfully submitted that based upon this disclosed patentable utility, the present specification 
clearly teaches "how to use" the presently claimed polypeptide. As such, Appellants respectfully 
request reconsideration and reversal of the outstanding rejection of claims 1 19-123. 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



CONCLUSION 



Respectfully submitted, 



Date: August 22, 2005 




Reg. No. 33, 055 
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IX. 



CLAIMS APPENDIX 



Claims on Appeal 



119. An antibody that specifically binds to the polypeptide of SEQ ID NO: 349. 

120. The antibody of Claim 119 which is a monoclonal antibody. 

121. The antibody of Claim 1 1 9 which is a humanized antibody. 

1 22. The antibody of Claim 1 1 9 which is an antibody fragment. 

123. The antibody of Claim 119 which is labeled. 
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Attorney 



X. EVIDENCE APPENDIX 

1. Declaration of Paul Polakis, Ph.D. under 35 C.F.R. 1.132. 

2. Declaration of Avi Ashkenazi, Ph.D. under 35 C.F.R. 1.132. 

3. Declaration of Audrey Goddard, Ph.D. under 35 C.F.R. 1.132. 

4. Orntoft et al, 2002, Mol. and Cell. Proteomics, Vol.1, pages 37-45. 

5. Hyman et al, Cancer Res., 2002, Vol. 62, pages 6240-45. 

6. Pollack et al, PNAS, 2002, Vol. 99, pages 12963-12968. 

7. Hanna and Mornin, 1999, Pathology Associates Medical Laboratories. 

8. Hittelman et al. 2001, Ann. N.Y. Acad. Sci. 952: 1-12. 

9. Crowell et al. 1996, Cancer Epidemiol., 5: 631-37. 

10. Skolnick et al, 2000, Trends in Biotech., 18:34-39. 

11. Bork et al, 2000, Genome Res. 10: 398-400. 

12. Doerks et al, 1998, Trends in Genetics, 14: 248-250. 

13. Hesselgesser et al, 1997, Meth. in Enzymol., 287: 59-69. 

14. Blease et al, 2000, Resp. Res., 1(1): 54-61. 

15. Pennica et al, Proc. Nat. Acad. Sci., 1998, Vol. 95, pages 141097-722. 

16. Haynes et al, Electrophoresis, 1998, Vol. 19, pages 1862-71. 

17. Hu et al, J. Proteome Res., 2003, Vol. 2, pages 405-412. 

Items 1, 2, 4-7 were submitted with Appellants' Response filed September 10, 2004, and were 
considered by the Examiner as indicated in the Final Office action mailed November 18, 2004. 

Item 3 is hereby submitted with the Appellants' brief. As indicated above, this declaration was 
not presented earlier because the issue whether the "fold increase" in the gene amplification 
assay was "significant" was not raised earlier. However, Appellants believe that presentation of 
the Goddard Declaration as evidence that the "increase in DNA" in the gene amplification assay 
is significant is necessary in this case and presents the case in better form for appeal. Its 
consideration is respectfully requested. 
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Items 8-16 were made of record by the Examiner in the Office Action mailed June 10, 2004. 

Items 17 were made of record by the Examiner in the Final Office Action mailed November 18, 
2004. 
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DECLARATION OF AUDREY D. GODDARD. Ph.D UNDER 37 C.F.R. $ 1.132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 



Sir 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2 . Between 1 993 and 2001,1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and detemiination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al., PCR 
Methods AppL 4:357-362 (1995) (Exhibit C) and Heid et al, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al., Proc. 
Natl. Acad. Sci. USA 95(25):14717-14722 (1998) (Exhibit E); Pitti et al, Nature 
396(6712);699-703 (1998) (Exhibit F) and Bieche et al, Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al. have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti etui, studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al. used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date 



Audrey D. Goddard, Ph.D. 



AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 

650.225.6429 

goddarda@gene.com 



PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998 - 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 

Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DAW sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 




110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 
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1993-1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

'The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 



Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 



2000 
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PATENTS 

Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25. 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 1 3, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,113. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gumey AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17RM . Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood Wl, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 16(7): 677-681. 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391 (6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-1. Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A, Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie. K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, 
Hongo J A, Devaux B, Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. Sci. USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp.187-215. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad. Sci. USA 93: 7108-7113. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ, Wong SC, Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1, a ligand for an Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981 . 

Bennett BD, Zeigler FC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lemmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. 
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Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesundheit N, Rundle AC, Wells 
JA, Carlsson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl. J. Med. 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 10720-10728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet. 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dube I, Winfield DA, 
Kingston J, Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br. J. Haematol. 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X, Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell. Genet. 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374. 

Solomon E, Borrow J and Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254: 1153-1160. 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet. Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1 991 ) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genomics 10: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet. AS: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest. 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL. (1989) 
Germline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. Nature 340: 31 2-314. 

Gallie BL, Dunn JM, Goddard A, Becker A and Phillips RA. (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Biology of The Eye: Genes. Vision and 
Ocular Disease . UCLA Symposia on Molecular and Cellular Biology, New Series, Volume 88. 
J. Piatigorsky, T. Shinohara and P.S. Zelenka, Eds. Alan R. Liss, Inc., New York, 1988, pp. 
427-436. 

Goddard AD, Balakier H, Canton M, Dunn J, Squire J, Reyes E, Becker A, Phillips RA and 
Gallie BL. (1988) Infrequent genomic rearrangement and normal expression of the putative 
RB1 gene in retinoblastoma tumors. Mol. Cell. Biol. 8: 2082-2088. 

Squire J, Dunn J, Goddard A, Hoffman T, Musarella M, Willard HF, Becker AJ, Gallie BL and 
Phillips RA. (1986) Cloning of the esterase D gene: A polymorphic gene probe closely linked 
to the retinoblastoma locus on chromosome 13. Proc. Natl. Acad. Sci. USA 83: 6573-6577. 

Squire J, Goddard AD, Canton M, Becker A, Phillips RA and Gallie BL (1986) Tumour 
induction by the retinoblastoma mutation is independent of N-myc expression. Nature 322: 
555-557. 

Goddard AD, Heddle JA, Gallie BL and Phillips RA. (1985) Radiation sensitivity of fibroblasts 
of bilateral retinoblastoma patients as determined by micronucleus induction in vitro. Mutation 
Research 152: 31-38. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PGR Product 
and Nucleic Acid Hybridization 

Kenneth J. Llvak, Susan J.A. Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 
Pctkln-Qmcr, Applied HI wy stems Division, Foster caty, California 94404 
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; The 5' nuctaas* PCR atsay datocts the 

< Accumulation of specific PCR product 

< by hybridization and cleavage of a 

•Suubla-isbaied HiiOFQQvi%*t probe 

during the amplification reaction. 
The probe It an oligonucleotide with 
■ both a r*port«r fluorescent dye ami a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target MR product and h*» 

< been cleaved by the 5'— >-3' nucle- 
olytlc activity of Taq DNA polymerase. 
In this study, probes with the 
quencher dy« attached to an Internal 
nucleotide were compared with 
prude* with the quencher dye at- 
tached to the i'-end nucleotide. In all 

1 cases, the reporter dye was attached 
' to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the Internally labeled probes. It is 
proposed that the larger signal is 
caused by Increased likelihood »f 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-and nucleotide also exhibited 
an Increase In reporter fluorescence 
InUmMty when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 



1P% homogeneous.- assay for detecting 
11 u* mxniriulatlon of specific PCR prod- 
uct that uses a double-labeled fluoro- 
genic probe was described by Lee et al.' 1 ' 
The assay exploits the 5' - > 3' nucle- 
olytlc activity of Taq UNA poly- 
lllelHstf <; '• ,,, and is diagramed In l'lgure 1 . 
The fluorogeniV fim\w. consists of an oli- 
gonucleotide, wild u reporter fluorescent 
dye., »mli as u fluorescein, attached TO 
the 5' end, and a quencher dye, such as a 
rhodaminc. Attached Internally. When 
the fluorescein Is excited by irradiation, 
lis fluorescent emission will be 
quenched if the ilitnlaiiiiuc is close 
enough to be excited through th« pr<>- 
cess of Oucirescciit:i' energy transfer 
(MT). M -« During PCR, if the probe is hy- 
bridized to a template shaiid, Taq DNA 
polymerase will cleave the probe be- 
cause of its Inherent .V --v 3' nucleolytlc 
activity. If the cleavage occurs between 
UlC fluorescein and rhOClamlnc dyes, it 
causes an increase in fluorescein fluores- 
cence intensity because the fluorescein 
is no longer quenched. The Increase in 
fluorescein fluorescence Intensity InUI- 
talex thut the probe-specific PCR product 
has hw.i i generated. Thus, PET between a 
lejnjiiei dye and a quencher dye is criti- 
cal to the performance of the piobe lu 

UlC 5' uudcaae PCR assay. 

Quenching is completely dependent 
on the physical proximity of tbw two 
dyes."'' Because of this, it has Ih*m as- 
stimcd thai the quencher dye niu»t be 
attached near the 5' end. Surprisingly, 
we have found that attaching a rho- 
Uomint: dye ol lite 3' end of a puitie 



PCTt assay. lurlhcwmorc, cleavage of this 
type of probe us not required to acnievr. 
some reduction In quenching.. Oligonu- 
cleotides with a reporter uyc on the y 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when dounie-stranaed as com- 
pared with single-strondcd. Tliis should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid Hybridization. 



MATERIALS AND METHODS 

Oligonucleotides 

Table i shows the nucleotide sequence 
of the oligonucleotides used In this 
study. Linker arm nucleotide (LAN) 
phoaphoramiditc was obtained from 
(JJen Research. The standard DNA phos- 
phoramiditcs, 6-carboxyfluoresccin (6- 
FAM) phosphoramldite, fi-carboxytet- 
ramcthylrhndamlnc succinlmldyl estCf 
CTAMRA NHS Cstcr), and Phosphalink 
for attaching a :V -blocking phosphate, 
were obtained hum Parkin-Elmer, Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 TjNA synthesis (Applied 
Biosystems). Primer and complement 
oligonucleotides were purified using 
Ollgu Purification Cartridges (Applied 
Biosystems). Duublc-lain-.U-.d probes were 
-lyiitheslrcd with G-PAM«labeled pho.i- 
pltuidinidile at the 5' end, JAN replacing 
one of tbcTs In the sequence, and I'hos- 
phalink at the 3' end. Following de- 
pi titration and etliunoi precipitation, 
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Polymerization 



Forward 
Primer 



Pmhfl 



Strand displacement 



Pevoree 
Primar 



Cleavage 



6' 
■3" 

■5- 



5"« 

3*- 



(3) 



•3" 
'5' 



Polymerization completed 



3'- 



- 1 ^P 3' 



3" 
■5' 



FIGURE 1 Diagram of 5' nuclease assay. Stepwise representation of me 5' -» 3' nucleolytlc ac- 
tivity of Toq UNA polymerase actlns on a fiuoru/tcnic prottc UurliiK one extension phase of I'CK, 



i«m Na-blcarbonaic buffer (pH 9.0) At 
room temperature. Unrcactcd dye was 

i tr moved by poAMge ovel a I'D-10 Scpllit- 

dcx column. Finally, Ihc double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(I WW.) using an Aquaporc C« 22Ux4.o- 
mni column with 7-j».m particle siec. 'l"hc 
column was developed with a 24-mln 
linear gradient of 9-20% ucctotiltflh.- in 
0,J m TEAA (trk-thylomlnc ticototc). 
1'robes are named try designating the se- 
quence from Tabic 1 and the position of 
the UN -TAMRA moiety. J'or example, 

probe Al-7 has sequence Al with LAN- 
TArvfKA at nucleotide position 7 from the 
5' end. 



PCR Svatcms 

All PCR amplifications were performed 
in the Pcrkin-Elmer CcncAmp PCIl Sys- 
tem 9600 using SO-jU reactions thai con- 
tained 10 mM Tris-HOl (pll 8.3), SO iiim 
KCI, 200 jam OA'IT, ZOO |tM dCTl», 200 \U4 
dGTP, 400 um dUTP, 0.5 unit of AinpEr- 
a$e uracil tf-glycosylaje (Potkln-Elmer), 



gene (nucleotides 2141-2435 in the se- 
quence of Nakdlimo-lljlnii) et al.) l7J was 
amplified using punier* AI'P mid AftP 
(Tabic 1), which are modified slightly 
from those of du Drcuil ct »],<"> Actln am- 
pllflcotion reactions contained 4 mr-i 
M s c:| R , 20 ng of human genomic ]>NA, 
SO nM Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal regimen was SCCC. 
(2 mln), 9S"C (10 mln), 40 cycles of vST 
(20 sec), 60%: (1 mln), and hold at 72 4 C. 
A SIS-top segment was amplified from a 
plasmld that consist* oi a segment ol X 
UNA (nucleotides 32,220-32,747) in- 
serted in the Smal situ of vector pUCl 19. 
These reactions uitiUriiied Jt.5 him 
MkCI^, 1 ng of plusmid DNA, SO nM P2 or 
PS probe, 200 iim primer VU9, and 200 
iim piimci R119. 'Che thermal regimen 
Was 50*C (2 mln), «5X (10 mln), 25 cy- 
cles Of W*C (20 see), 57°C () mln), and 
hold at 72"C. 



Flunrr scencr Detection 

Vot each amplification reaction, a 40-n.l 
Aliquot of a sample was transferred to an 
Individual well of a white, 96.w<t)1 micro. 
titer plate (Peikin-Ulmer). Fluorescence 
was measured on Uic l'crkln-Elmer Taq- 
Man LS-50U System, which consists of a 
luminescence spectrometer willi plale 
reader u&ctnbly, a 4B5-nm excitation fil- 
ter, and a SlS-nm emission filter. Excita- 
tion was at 488 nm nstnj; a 5-nm slit 
width. Emission was measured at 518 

nm for (the. reporter or W value) 

and Sft2 nm for TAMHA (the quencher or 
Q value) using a lO-nm slit width. To 
determine the inticast- in icpoitei emis- 
sion that Is caused try cleavage of the 
probe during rTJt, three normalisations 

aic applied to the raw emivdoii data, 
first, emission Intensity of a buffet blank 
is subtracted for each wavelength. Sec- 
ond, emission Intensity of the reporter Is 



Name 


'iype 


.Sequence 


F119 


primer 


ACa^CAGCUACrCAlCACCACTC 


MU9 


prlmvT 


Aixifcocxj'rrccxK5c:rr,Ac:crnciCifi 


P3 


probe 


•rccKwrj>\Cl , OA , i'oc , nx;ccAAccACTp 


rac: 


complement 


CTACrC!GTIX»CJCAA<X;ATCA(!TAATOr.(lATC 


PS 


probe 


COOA'l-nGCiXiOTAIXriATC^AACCATp 


l'5C 


complement 


WATCCTTGTCATA0A1 ACCAOCAAA'I CCC 


AM' 


primer 


TCACCCACACTGTGCCCATCTACGA 


ARr 


primer 


CACKXrOAAt X XiCTt^'lTtKX'AATGU 


Al 


prouc 


A^CCCiXXXXXATGCCAlCClXiOeTp 


Air. 


complemcril 


Ac^(x:(»t;tiA'ix:<:(jv-rt;t;c:t;(;At:(;(K^'iAC 


A3 


probe 


CGCCCQ:fJOACl , rCCAGCAA<SAGAli» 


A3C 


complement 


COATtTTCrTOCrCOAAGTCCAtiGGCRAC 



For each ollKonutlcotidc vsvd In litis study, the nucleic add sequence is given, written in trie 
S' > 3' dityctiou. Theie are three types of oligonucleotides; fCR primer, fluorogenJe probe used 
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ai-2 IUQ(Sf!C.r."i^r^cA'rc^<A7wrC!CGTp 

At -44 S^'iw.v'i'reavA'i v<XYW<v"Qocc"n> 
A1-2G ^^<X&Vt^tt.K'l<XX>KrC£!rC6c&l> 



Prabft 


GlBnm 


682 nm 




RQ' 






(M tMHft. 


« t*r»M>. 


no Ump. 


« Ump. 








ALS 


28 012.1 


32.7* 1.0 


38.3 it 8.0 


382 4 2.0 


oxrt * o.oi 


o.eoi o.os 


O.IOiO.OC 


A1»7 


BJ.0 4 4.3 


395.1 Jl21.4 


108.6*6.3 


1 10.3*5-3 


040*0.08 




2JMS0.I8 


ALU 


127.0+4.0 


403.S* t9.1 


IO0.T1J.3 


03. M S.3 


1.18 i 0,03 


4.3410.15 


3.184 0.15 


A1-19 


te7.5* 


<ia».r^ 7.7 


70.3 i 7.4 


73.0* ?.0 


3.67 3 0.06 


6.00 J. 0.16 


9.13 4 0.16 


A1-22 


224 .G 1 0.4 


48C,i.'±43.6 


100.0 i 4.0 


08*10.6 


C.2S a 0.03 


5.0210.11 


£.7710.12 


A1-26 


160.2 J 0.9 


464.1 i 1B.4 


U3.1 ±!>.« 




1.rt£+.U.Uii 


!>.O1±0XW 


SJS»±0.UB 



flCURE 2 R«ulb of 5' uuvlrmr kwj- iiunparing p-a<tln probe! with TAMRA at different nuel* 
otlde positions. As described In Materials ana Methods, PC 31 amplifications containing the in- 
dicated probes were peifonned, and the fluorem-ciicc emission was measured at 518 and 582 nm. 
deported values are the average* 1 s.0i for six reactions ran without added template (no temp.) 
and six reactions run with template ( i temp.). The RQ ratio was calculated tor each individual 
reaction and averaged to give Uic reported RQ" a ltd MQ 1 valuta. 



aiVideU by the emission intensity uf the 
quencher to give an RQ ratio for cadi 
reaction tube. Tills normalizes for wcll- 
to-well variations in probe roncentra- 
uon and fluorescence measurement. I'l- 
» naiiy, arq is calculated by subtracting 
me. KQ value of the no-template control 
(RQ") from the RQ value for the ixmi- 
picic reaction including template 
(RQ'). 

RESULTS 

A series of probes with increasing dis- 
. lances Between the fluorescein rcportei 
and rhodaminc quencher were tested to 
invesngate the minimum anci maximum 
spacing that would, give an acceptable 
performance in the 5' nuclease I'CK as- 
say. Tnese probes hybridize to a target 



.sequence in the human p-acttn gene.. 
Hguic 2 shows the remits of on experi- 
ment in which those probes were In- 
cluded in POR thai amplified a segment 
of the p-iu1iii x/nue. containing the laigct 
sequence- IVifoiuiauce In Hit 5' nu- 
clease I'CR assay i.s monitored by the 
magnitude, of AkQ, which h o measure 
of the Increase in reporter fluorescence; 
utu.tcd by PCR amplification of the 
probe target. Probe Al-2 luu a ARQ value 
that is close to kto, Indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction, Tiiis> aug- 
K»l» that with Ihc quencher dye on the 
second nucleotide from the 5' end, there 
Is Insufficient loom hn Ta<f polymerase 
to cleave efficiently between the reporter 
and uuenchei. The other five probes ex- 
hibited computable AKQ values lhaL are 



clearly different from r.cro. Thus, all five 
probes arc bcfnR cleaved during l*Ok am- 
plification roulUiiK hi a similar lucre*:.* 
Ill importer fluojtsceJiwr. It should be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
In Figure 2 (data not shown). Titus, even 
In reactions where amplification occurs, 
the majority of probe* molecules remain 
undcavod. It is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRA changes UHle with 
amplification nf the targei. This Is what 

allows us to use the 682-nm fluorescence 
reading as a normalisation factor. 

The TrtagnihinV of RQ* depends 
mainly on the quenching efficiency in- 
herent in the. specific, structure ol the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ" values Indi- 
cate that probes Al-14, aj -19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7. Still, the degree 
of quenching Is sufficient to detect a 
highly significant !n«T«BHe In reporter 
fluoTctcence when each of these probes 
is cleaved during PCR. 

To further Investigate the ability of 
TAMRA on the V end to quench fi-PAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. Tot each pair, one probe has 
TAMRA attached to nn internal nude- 
ullde and the othei has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2. Vor all three sets, the 
probe with the 3' quencher exhibits u 
ARQ value that h considerably iiisliei 
than foe Uic probe with the Internal 
quencher, The HQ" values suggest thnl 
differences in quenching are not as grout 
as those observed with some of the Al 
probes. These results demonstrate that 0 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of V Nuclease Assay Comparing Probes with TAMRA Attached to an Internal or 3'-tcrminal Nucleotide 



S18 nm 



582 nm 





Probe 


no temp. ■ 


+ temp. 


no leiup. 


4 temp. 


HQ 


RQ' 


AKQ 


A'.: 


A3-6 
A3-24 


54.6 i 3.2 
72.1 * 2.9 


84,« s 3.7 
236^4 11.1 


116.2 s. 6.4 
84.2* 4.0 


1J.S.6-L2.S 

90.2 J- 3.8 


0,47 2. 0.02 
0.86 ± 0.02 


0.73 a. 0,0:t 
2.62 ± 0.05 


± 0.04 
1.76 ± 0.05 


the 


P2-7 
V&Z7 


82.8 a. 4.4 
113.4 2 6.6 


3B4.0 ± 34.1 
55S.4 i 14.1 


WS.l X 6.4 
140.7 ♦ 8.S 


120.4 =f iaz 
118.7 2:4.8 


0.79 1 0.02 
aw ± 0.01 


3.1!> * ai6 
4.68 ± 0.10 


2.40 '* O.H, 

3.S8 7 0.10 


;ed 
the 
ill. 


l'S-10 
P5-28 


77.5 ± 6.5 
64.0 jl S.Z 


244.4 * li.9 
333.6 ± 12.1 


86.7 ± 4.3 
KK1.6 ± 6.) 


9SJ » 6.7 
94.7 — 6.3 


0.89 x 0X1$ 
0-63 ± 0.02 


0,06 
3.53*0.12 


1.66 a 0.08 
2.89 1 0.13 






—.t: r -iirn4 rmihM a net 


riiti-iiUiiinns were performed as described t» MotcrUi »»d Methods and in the legend to Fig. 2. 
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fluorfsr^nrr of a reporter dye on the 5' 
end. The degree of quenching is Suffi* 

Cioul for IhiN type of oligonucleotide tO 

be used as a pr6be in the .V nuclease- PCR 
assay. 

To test the hypothesis thai quenching 
by a 3' TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
measuiod Kir probes in the single- 
stranded and double stranded states. Tft- 
hl<» A reports Oil* fluorescence observed 
at 518 and 582 nm. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, tar probes With TAMRA 
fv-)0 nucleotides ffom the S' end, there 
Is little difference In the HQ values when 
.comparing single-strandwl with double- 
strauded oligonucleotides. The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridisation to a complementary strand 
causes a dramatic increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid Structure of double^ 
Stranded 1>NA, which prevents the 5' 
arid 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg* 1 effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2 H concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 1-2 or Al-7), the RQ value at 
0 niM Mg 2 " is only Slightly higher than 
RQ at 10 inM Mr* ' . l"or probes A1.19, 
Al-22. and Al-26, the RQ values at 0 mtu 
Mg ,J are very hijjh. Indicating a much 



reduced quenching efficiency. Por each 
of these probes, there. Is a marked de- 
crease in UQ al 1 mM Mg' ' followed by 
u gradual decline as the Mg ? 1 touccn- 
rruiion increases to 10 mM. Piube Al-14 
shows an intermediate RQ value at O mM 
Mg'' 1 wilh o gradual decline at higher 
Mr 7 * conccnliatlisijs. In a low-sail en- 
vironment with no Mg 1 present, a sin- 
gle-stranded oligonucleotide would be 
expected 1o adopt an extended con for- 
mat ion because of electrostatic repul- 
sion. The binding of Mg a + ions acts lo 
shield the negative charge of the phos- 
phate, backbone so that the oligonucle- 
otide can adopt conformations where 
the .V end is close to the 5* end. There- 
fore, the observed Mg 2 ' effects support 
the notion that quenching ol a 5' n> 
porter dye by TAMRA at or near Jhc 3' 
end depends on the flexibility of the. oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this sludy is that 
it seems the riiodamine dye TAMRA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-l ; AM) placed at 
the 5' end, This implies that a singK'- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is dose to the 5' 
end. It should lie noted that the decay of 
6-l'AM lo the excited stale requires a cer- 
tain Amount of time. 'l"herefore, what 



TABIC 3 Comparison of PlunrcACOKf F.missiuu:. of Slriglc-tfrandCCl and 
Double-xirondcd Fluorogenk Piobe* 



518 nm 



582 nm 



RQ 





«« 




»» 


Os 


« 


as 


Al-7 


27.75 


68.53 


61.08 


138.18 


0.45 


0.50 


A 1-26 


43.31 


509.38 


53.50 


93.86 


0.81 


5.43 


A3>6 


16.75 


62.88 


39.33 


16S.S7 


0.43 


0.38 


A.1-24 


30.05 


578.(54 


67.72 


140.25 


0.4*i 


3.21 


P2-7 


35.02 


70.13 


S4.fi 


121.09 


0.64 


0.S8 


1*2-27 




320.47 


oi.iu 


61.13 


0.61 


S.25 


l'S-10 


27.34 


i44.es 


01.9S 


16S.S4 


0.44 


U.87 


PS-2B 


33.65 


462.29 


•>!.%*> 


10*.«1 


0.46 


4.43 



(ss) single-stranded. The fluorescence emissions at 518 ot 582 run for solutions containing a final 
concentration of 50 m* indicated probe, lo mM Tris-I fCI (pH 8.3). 50 him KCI. and 10 mM MgCl^ 
(ds) D<»uble-i.trand«l. The solutions contained, in addition, 100 iim AlC for pmhr* Al-7 and 
A1-Z6, 100 iui A3C for probes A3-6 and A3-24. 100 nM l*2<: for proln's rz-7 and P2-Z7. or 100 nM 
TSC for jirobia 0 and rs-2t». Before tne atfdHlon of MjrWj, J 2C< nl of eacll sample was Heated 



matters for qucnclilng is not the avcraf 
distance between 6-iwm and TAMR 
but, rather, how close TAMRA can get I 
6-WM during die lifenme of Ihc tVFAl 
excited state. As long «s tbe decay time i 
the excited state is relatively long con 
pared wim the molecular motions of tr 
oligonucleotide, quenching can occu 
Thus, we propose that TAMRA at the ; 
end, or any other position, can queue 
e-FAM at the V end because TAMRA 1$ 1 
proximity to OM-'AM often enough lo t 
able to accept energy transfer from a 
excited 6.FAM. 

Details of the fluorescence mcasurt 
ments remain puzzling. For example. Ti 
bit 3 shows that hybridization of probe 
Al-26, A3-24, and PS-28 to their compl< 
meniary strands not only causes a larg 
increase in 6»FAM fluorescence at 51 
nm but also causes a modest increase i: 
TAMRA fluorescence at 582 nm. ] 
TAMRA Is being excited by energy tram 
fer from quenched 6-FAM, then loss c 
quenching attributable to hybrldlzatJoi 
should cause a docres.se In the fluorc.' 
cence emission of TAMRA. the fact tha 
the fluorescence emission of TAMRA In 
creases indicates that the situation I 
more complex. For example, we have an 
ecdoial evidence that the bases of th 
oligonucleotide, especially <.;, quencl 
the fluorescence of both 6-FAM an< 
TAMRA to some degree. When double 
stranded, base-pairing may reduce tin 
ability of the bases to quench. The pri 
mary factor causing the quenching o 
WAM in on intact probe is the TAMW 
dye. Evidence for the Importance o 
TAMRA is that 6 KAM fluuie<,u:nc< 
remains relatively unchanged whei 
probes labeled only with 6-1'AM are use* 
In the 5' nuclease l'CR assay (data no 
shown). Secondary effectors of fluores 
cc-nee, both before and afiei cleavage o 
the probe, need to be explored further. 

Regardless of the physical mocha 
nlsrn, the relative independence of post 
tion and quenching greatly slmpltfjci 
the design of probes for the S' nudcau 
TCR assay, There are three main factor, 
that determine the performance of £ 
double-labeled fluorescent probe in Ui< 
(•' nuclease l'CR assay. The first factor li 
the degree of quenching oliserved In Hit 
intact probe. This Is characterized by tht 
valw of RQ' , which Is the ratio of re- 
porter to quencher fluorescent cmis 
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mM Mg 

FIGURE 3 Klf«i e>( Mg 1 " 1 eoito&ntration on RQ ratio for the Al series of probes. The fluorescence 
emission Intensity at 518 and 582 nm was measured for solution* containing 50 hm probe, 10 mM 
Trls-HCl (pH 6.3), 50 mM KCI, And varying amounts (0-10 mM) of MgQ 2 . "Jne calculate*! KQ 
ratios (516 nm Intensity divined hy .SR2nm intensity) an- plotted vs. MgCl a concentration (mM 

M({). The k«y {uyjmt tight) slum* llic |IIw1k2. cxtiiuiiiiril. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
other facioi* that, reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is the. efficiency 

1 of hyhiidixaiicju, which depends on 
probe T m , presence of secondary struc- 
ture In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor Is the efficiency at 

' which Taq DNA polymerase- cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage Is depen- 
dent on sequence- complementarity be- 
tween piobe and template as shown by 
Ute observation that mismatches in the 
segment between reporter and quencher 
dyes drasrically reduce the cleavage, of 
probn.'*' 

lite rise in HQ' values for the Al se- 
rics of probes seems to indicate that the 
degree of quenching ts reduced some- 
what as the quencher is placed toward 
the i' end, 'the lowest apparent quench' 
irtg Is observed for probe Al-19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the. 3' end (A1-Z6). i his is 
■understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an Internal position, In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 

" 1 html vittt r\f 
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probes, the interpretation of RQ value.? 
is less clear-cut. The A3 probes show the 
some trend as Al, with the 3' TAMRA 
piobc having a laiger RQ than the b> 
ternal TAMRA probe. Por the P2 palt, 
lw>th probes hove about the same RQ" 
value. For the PS probes, the RQ for the 
3' probe, is less than for the Internally 
labeled probe. Another factor that may 
explain some of the observed variation fat 
that purity affects the RQ" value. Al- 
though oil probes are HPI.C purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently uiu 
hove a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed, with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces die efficiency of cleav- 
age to almost zero. For the A3, 1'2, and PS 
probes, ARQ Is much greater for the 3' 
TAMKA probes as compared with the in- 
ternal TAMRA probes. This ts explained 
most easily by assuming llial probes 
with TAMRA at the 3' end are more likely 
to be cleaved Inrtwrni leporlet and 
quencher than arc probes with TAMRA 
attached internally. J'or the Al probes, 
the cleavage efficiency of probe Al-7 
must already he quite high, as ARQ docs 
not Increase when the quencner is 
r»l art«\ rtn«i>r to thp .V end. This illus- 



trates the importanro nf bring ahlr to 
use probes with a quencher on tiro V 
end in the S' nuclease PCU assay, In this 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. By placing 
the lupuiiur mul quunchui dyes oil the 
opposite ends of an oligonucleotide 
probe, any cloavagc that occurs will be 
detected. Wlicn the quencher Is attached 
to an Internal nucleotide, voiiiutlmes Uhj 
prube works well (Al-7) and other llules 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe Is being cleaved 3' to 
tho quencher rothor than between tiic 
rippnrtpr and quencher, Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct in the V nuclease I'CR assay is to use 
a probe with the reporter ond quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight boneflt In 
terms of hybridisation efficiency, 'ihc 
presence of a quencher attached to an 
Internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a prol>e. In fact, a 2 n (J-3"t2 reduction 
In T m has been observed fox (wo probes 
Willi internally attached TAMKA*/'" This 
disruptive effect would be minimized by 
placing the quencher at the 3' end, Thus, 
probes with 3' quenchers might exhibit 
nlightly higher hybridization efficiencies 
limn probes with internal ijuenchei*. 

The combination of increased cleav. 
age and hybridisation efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe ond target as compared 
willi internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use o single 
probe to detect POK-amplificd products 
fromhaiii|ilrvuf different species. Also, it 
mean's that cleavage of probe during PCU 
Is less sensitive to altcraUoirtt in an> 
ncaling temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. I.cc 
ct tft? } demonstrated that aliele-speclflc 
probes were cleaved between reporter 
ond quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
OFS0B mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Effect of Mg® 1 eonewuretiun on RQ ratio for the A) tertos of probes. The flunrwswniia! 
emission intensity al SI 8 and 582 nm was measured fur solutions containing SO ijm probe, 10 mM 
Tri«-lia (pH 8.3), 50 nn Kf3, and varying amounts (0 10 mM) of MgCl*. The calculated RQ 
ratios (5iH nm Intensity divided by 5«z nm intensity) arc plotted vs. Mga 2 conccnrwti<»ti (him 
Mr). The key (upper right) shows the probes examined. 



dyes used, spacing between reporter and 
quenchci dyes, nucleotide sequence 
context effects, presence. i>l structure or 
other [actors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor is trie efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
prohe. a> 

The rise in RQ values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some, 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe AM 9 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al<26). This is 
understandable, as the conformation of 
the S end position would be expected to 
be less restricted than the. conformation 
of an Internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probvs, (lie interpretation of RQ' values 
is less clear-cut. The A3 probes show the 
same, trend as Al, with the 3' TAMRA 
probe, having a larger RQ" than Ok; in- 
ternal TAMRA probe. For the V2 pair, 
butli probes have about the same RQ 
value. For the P5 probes, the RQ' for the 
3' probe is less than for Hie intctiiftlly 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purliy affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest t'f- 
fecl on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA Oil the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. l ; or the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached .internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
placed closer to the 3' end. This illus- 



trate the importance of boisift able to 
use probes with a quencher on the 3' 
end in the V nuclease l'CK assay. In this 
assay, an increase in the intensity of r« 
porter fluorcscenc* I* or>»»rv»<l only 
when the probe is cleaved between the 
reporter and quencher dyes. Hy plnclng 
the reporter and quencher dyes on the 
opposite ends of an oligonucleotide 
imilw, any cleuvu^t* that occurs will h*t 
detected. When the quencher 1* attached 
to im Internal nucleotide, »vmollnuis the 
probe works well (Al-7) and other times 
not *o well <A3^>). The relatively poor 
performance of probe A3-6 presumably 
means the probe is being cloavod 3' to 
the. quencher rpthcr than hetween the 
reporter and quencher. Ther«Iore, the 
best chance of having a probe that reli- 
ably detects accumulation of I'CR prod- 
uct in the -V nuclease VCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms ol hybridization efficiency. 'Inc. 
presence of a quencher attached to an 
internal nucleotide mi^hl be expected to 
disrupt base-pairing and reduce the T tn 
of a probe, in fact a 2*C-3'C reduction 
in T m has been Observed for two probes 
with internally attached TAMRAs. <9) This 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
Is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage Is for allelic discrimination, l^e 
et al/" demonstrated that allcle-speclfic 
probes were cleaved between reporter 
and quencher only when hybridised to a 
porfccUy complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFSOS mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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Uih V end and we» designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
betwoon reporter and quenchftr would 
lessen I he disruptive erfcvl of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be ucoful for allelic 
discrimination. 

In this study lose of quenching upon 
hybridisation was used to show that 
quenching by a 3' TAMRA In dependent 
uu the flexibility of a sinKle*xtranded oli- 
gonucleotide. The increase in reporter 
fluorescence- intensity, though, could 
alio be used to determine whether hy. 
brldlzatlon has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyci attached at opposite ends 
should also be useful at hybridization 
probes. The ability to detect hybridiza- 
tion In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
i ration nsseyj for diagnostics or other ap- 
plications. Bagwell Ct al. (10) describe just 
this type of homogeneous assay where 

hybridization of a probe causes an in- 

crease in fluorescence caused by a loss or 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe scqut/ncu to form two imperfect 
hairpins, the results presented here 
demumuau.' tiiat the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the oU»«« 
ond generates a fluorogonlc probe that 
can detect hybridization or I'CH amplifi- 
cation. 
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We have developed a novel "real time" quantitative PCR method. The method measures PC* product 
accumulation through a dual-labeled fluotogenlc probe (i.c., TaqMan Prob«). This method provides ; vwy 
accurate and reproducible quantitation or gene copies. Unlike otter quantitative PCR methods, real-time PCR 
does nor require post-PCR sample handling preventing potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The real-time PCR method has a very large dynamic 
range of starting target molecule determination (at iea 4 t nvc orders of magnitude). Real-time quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
had an imporlnnt role in many fields of biologi- 
cal research. Measurement of gent expression 
(RNA) has bnen used extensively In monitoring 
biological responses to various sliniuli Clan ft al. 
1991; Huang et al. I995a,b; Prud'homme et al. 
1 995), Quantitative gen* analysis (DNA) has 
iHt-n used to dttiei-minc the genome quantity of 3 
particular gene, as in the case of the human HER2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Gene and genome 
quantitation (li>NA and UNA) also have been used 
for analysis of human tmmunndcUcicncy virus 
(HJV) buTden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; i'latak ct al. J9v:tb; 
l urtado et al. 1995). 

Many methods have been described for tin; 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern Sharp ct 
al. 1980; Thomas 19K0). Recently, PCR has 
proven to be a powerful tool fOT quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (R'O-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made i>os- 
sihlc many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a jiowcrful tool, it is imperative 



that It be us«U properly for quantitation (U»«y- 
maektrs 1995). Many early reports of quantita- 
tive. I'CR and RT-PCR described quantitation of 
the PCR product but did not measure the Initial 
target sequence, quantity. II is essentia] to design 
proper controls for the quantitation of the initial 
target sequences (Pcrrc 1992; Clement! ct al. 
1993) 

rU'.\««rchcrs have, developed several methods 
of quantitative I'CR and RT-PCR, One approach 
measures I'CR product quantity in the log phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang ct til. 1990). This method requires 
that each sample has equui input amounts of 
nucleic add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples ot relatively constant quan- 
tities, such ax p-aclln) .can be used for sample* 
umjilification efficiency normalization. Using 
conventional mf.thods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is exi remely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for bolh the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-RCR, has l>cen developed 
and is used widely for PCR quantitation. QC-1'CR 
relics on the inclusion of an internal control 
. compel Iter in each reaction (Bcckcr-Andrc 1991; 
Hatak ct al. 1993a,b). The efficiency of each re- 
action is normalized to the internal competitor. 
a »r unwn amount of internal compciitor can be 
annru ?nc« no; «m wa «c:fiT 7(\(\7 /cn/7T 
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added to each sample. To obtain relative qua no- 
tation, the unknown target PGR product is com- 
pared witli the known competitor It'IU product. 
.Success of a quantitative competitive l»CU assay 
remjson developing an internal control Dial am- 
plifirx with the same efficiency as the laigel mol- 
ecule. The design of the coiiipciltu« and the vali- 
dation of amplification efficienc-ivs icquirc a 
dedicated effort. However, because QtM'CR does 
nut require that PGR puxlucts be analyzed during 
the log phase of (lies amplification, it is tin: easier 
«r the i wo methods to use. 

Several detection systems uie used for quan 
tltative PCR and RT-PCtt analysis; (1) agarose 
gel!*, (2) iluoresccut labeling of 1*CR products mid 
detection with InscT-induccd fluorescence using 
capillary elcctropliorcsi.t (Fusco et al. 1995; Wil- 
liams et al. 1 996) or acrylarulde gels, ami (3) plate 
capture! and sandwich probe hybrldl/.«liim (Mul- 
der el al. 1994). Although these ijivOkhIn jmiv«] 
successful, each method requires posl-3'CR ma- 
nipulations that acid tin i« to the analysis and 
may lead lu hibui«(oty t onlntnSnation. The 
sample throughput of Ihese iiiell«»d.s i.s limited 
(wllji I lt«r i-xccpllon of the plalc capture ap- 
proach), and, tiiurufcirc, these methods ore not 
well suited fin u.scn demanding high sample 
throughput (l.e., screening of large numbers of 

hlniiiolcv.uIc.s t»i uiiiily/.lil^ sampli-a ft« diagnos- 
tics or clinical trials). 

I lerc wr report the: development of a novel 
assay for quantitative DNA analysis. The assay is 
based on the use of the nuclease assay first 
described by Holland et al. (1991). The method 
uses the -V ntir.lca.ic activity of 7Vi</ polymerase to 
dcavc a noncxlcndlblc hybridization probe dur- 
ing the extension phns? of I'CU. Th« approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lec et al. l!>i>3; Hasslcr et al. 1995; Uvok 
et al. l$95o,b). One. fluorescent dyv nervw as « 
reporter |FAM (i.e., tr-carboxyfluoreseein)| and its 
emission spectra is quenched by the second flu<»- 
rescent dye, TAMRA (I.e., d-c.vboxy-tetramethyl- 
vhodamine). Tlic nuclease degradation of the hy- 
bridization probe releases the quenching of ihe 
CAM fluorescent emission, resulting in an In- 
crease- hi peak fluorescent emission at 5JW nm, 
Tlie use Of a sequence detector (Alii i'rism) allows 
measurement of fluorescent sj>cctni of all 90 wells 
of the thermal cycler continuously during the 
1"CK amplification. Therefore, the rem. lions aie 
monitored in real lime. The output data is de- 
scribed and quantitative unalysb of input target 
DNA sequences is discussed below. 



RESULTS 



PCR Product Dercctlon in Time 

The goal was in develop a high-throughput, sen- 
sitive, and aecuratc gene quantitation assay for 
use In monitoring lipid mediated tlicrapouf it- 
gene dcllvftry. A plasmld encoding human factor 
VIII gene sequence, pI<8TM (sec Methods), was 
used as a model therapeutic Rime. The assay usee 
fluorescent Taqinan methodology and an instru- 
ment capable of measuring fluorescence in real 
thnc (AM Prism 7700 Sequence Detector). The 
Taqman reaction requires a hybridisation probe 
lal>cled with two different fluorescent dyes. One 
dye Is a reporter dyu (MM), the other Is s< quench- 
ing dye (TAMRA). When the pn»lx: is Inlacl, fluo- 
i esc en I energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMPA). During Die extension 
phase of the PCR cycle, the fluorescent liybrid- 
l/jjllon fifol>c Is cleaved by the S'-'V nucleolytic 
octlvity of thr. DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
sultiiiK h» an increase of the reporter riyu fluorCK- 
cent cmS-islou spectra. I'CR primers and prubuw 
were dvstgniHl ft»i llie human factor Vlll se- 
quence and human p-aetfn gene (as descrilsed in 
Methods). Opiimizalion reactions were per- 
formed to choose the appropriate probe and 
magnesium concenuations yielding tl>e higliwt 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Instrument uses a 
chftrge-couplcd device (i.e., CCD camera) for 
measuring the fluorescent emission speelni from 
SOO t«> fi$0 nm. liach IX'.lt tube was monitored 
.setjuentially for 25 msuc with continuous moni- 
toring throughout tin: amplificiittoii. Both lube 

wan rr.-«xondned every B.5 see. Computer soft- 
ware, was designed to examine the fluorescent In- 
tensity of both the rejjorter <lye (KAM).and 
the quenching dye (TAMllA). The lliioresc.cnt 
intensity of the quenching dye, TAMllA, ehangvs 
very Utile over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAMllA dye emission serves as an internal 
.ilandard with Which lo norinullxu the reporter 
dye. (FAM) emission variations. Tl»e software cal- 
culates a value termed AKn (or ARQ) using the. 
following equation: ARn - (ttn J ) (Rn')i wljcre 
Rn 4 . emission inlensSly «*( reporter/ciriission in- 
tensity of quencher at any given liiuc in o reae 
tlon lube, and Ru r- emission intensility of tv- 
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porter/em issloi) tmvmity of quencher measured 
prior to 1'CH ituiplilicatioii in that same ruction 
tube. 1'or the purpose of quantitation, the Usi 
three data points (ARns) collected during the. ex* 
tension step for each PCK cycle were analysed. 
The nucleolytic degradation of the nyomh/^iion. 
probe occ urs during ihc extension phase of riat, 
and, therefore, reporter fluorescent amsajon in- 
creases during this time. 'Jin: ihiec data points 
were averaged fof cacJi KJK cycle and the iiivmu 
value for each was plotted in an "amplification 
plot" shown In J'ifiurc 1 A. The AUn mean value is 
plotted on the j^axls, and time, represented by 
cycle number, is plotted on the A-axis. During trie 
early cycles of the PCIt amplification, the ARn 



value remains at base lino When sufficient hy- 
bridist Ion probe has been cleaved by the Tun 
polymerase nuclease activity, the intensity of ro- 
porter fluimssccm emission inereusvs.. Most i'C.'U 
ainplifiv4itions reach ;» plateau phone of reporter 
fluuivH-cn'i emission if the reuulitwi Is carried nut 
lo high cycle nuinK-is. The ampli Real Ion plot 1» 
examined isuly in lh« reaction, ut a point that 
■ uprcsonts the log phfliic of product arnitnula* 
lion. This Is done hy assigning an to-biliary 
threshold that is based on the variability of the 
base-line data. In HgUW 1A, the IhfftShold was sot 
ut to standard deviations above the mean of 
haw line emission calculated from lydvn 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure \ PCR product detection in real time (A) The Model 7700 wfiware will co™'™* a 2P ,ffi 5* l |? n J*?? 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base line of the «rnpliflcabon plot. L, , vrfues are 
calculated by determining the point at which the fluorescence exceeds a threshold I mil C u *u^y 10 tones™ 
standard deviation of the base line). (B) Overlay ot amplification plots of seriaHy (1 :2) dll uted ^human genomic 
DMA samples amplified with p-actin primers. (Q Input DNA concentration of ^J^plcs ^Z^W^M 



T T A R*l 



From : BML 



PHONE No. : 310 472 0305 



Dec. 05 2002 12:22RM P14 



Y 



■ ) 



X 



the amplification plot crosses the threshold s tie 
fined as C,. C, is reported as ihc cycle number ;« 
this point. Ac will be demonstrating thu CI, .value 
Ik jneUlciive of the quantity of input tnrget. 

Of Values Provide a Quantitative Measurement, of 
Input Target Sequences 

Figure IB shows amplification plots of li»'<liiT<5K- 
e«l PGR amplifications overlaid. The amplify- 
Hons were performed on a 1:2 serial dilution cmi 
human genomic UNA. The amplified target v,:i*. 
human (J octln. The amplification plots shift to 
the right (to higher threshold cycles) n* the input 
target quantity is reduced. This is expected he' 
eauxu HwetlortR with fewer starting eoptox of the 
target molecule require greater amplification to 
degrade enough probe to attain the threshold 
fluorescence. An arbitrary threshold of 30 stan- 
dard deviation* above Ihe base line was used to 
determine the C r values. Figure 1C represents the 
C r value* plotted versus the sample dilution 
value. Each dilution was amplified in triplicate 
PCA amplifications and plotted as mean values 
with error bajs representing one standard devia- 
tion. The C T values decrease linearly with Increas- 
ing target quantity. Thus, G r valm:s can be used 
as o quantitative measurement of t lie Input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6- ng sample shown In 1'lgurc 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves endpolnt pla- 
teau at a lower fluorescent value than would be 
expected based on the input UNA. This phuttom> 
cnon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under Investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C, value as 
demonstrated by the fll on the line shown in 
Figure. 1 C. All triplicate amplifications resulted in 
very similar C,- values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range. ol lluorcsccnl in- 
tensity measurement of the Alii Prism 7700 Sie- 
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merits over n very large r;mj;c nf tc\h\\v<> Maritnp, 
target quantities. 

Sample Preparation Validation 

Several parameters Influence the (MlcW-nry nf 
PCR amplification: magnesium and salt concen- 
trations, reliction conditions (i.e., time and tem- 
perature), I'CK target size and composition, 
primer sequences, and sample purity. All of the 
above (actors are common to a single J'CII assay, 
except sample lo sample purity. In an effort to 
validate the. method of sample preparation for 
thciaclor Vlil assay, J'CKaniplitiC'lttion reprodnc- 
ihility and efficiency ol 10 replicate sample 
]>re|»ratioris were, oxamined. After genomic DNA 
was prepared from ihe 10 replicate samples, the 
DNA was quart mated by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-aciln 
j;c.th: content In 100 and 25 of total genomic 
UNA. Each I'C.'K amplification was performed in 
triplicate. Comparison of C, values fur each trip- 
licate sample show minimal variation based on 
standard deviation and coefficient of variants 
(Table 1). 'therefore, each ol the triplicate PGR 
amplifications was highly reproducible, demon- 
strating that real time FCK using this instrumen- 
tation Introduces minimal variation Into the 
quantitative J'CR analysis. Comparison of ttie 
mean d values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for p-actln gene quantity. The highest C? 
difference between any of the samples was 0.S5 
ami 0.71 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample, exhibited an equivalent rale of fluore.*' 
cent emission intensity change per amount of 
1>NA target analyzed as indicated by similar 
slopes derived from the sample dilutions (Fig. 2). 
Any sample containing an excess of a l'CK inhibi- 
tor would exhibit a greater measured 3-actln O r 
value for a given quantity of LWA. In addition, 
the inhibitor would be diluted along with the. 
sample in the dilution analysis (Hg. 2), altering 
the expected C,- value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible wl1h regard lo 
sample purity. 

Quantitative Analvsis of a Plasm id After 

rnc« no/ RfcR wj «c:&t 7nn7/cn/7T 
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Toblo 1 . Roproduclblllty of Sample Preparation Method 



I 
2 
3 

4 
5 



8 
9 
10 

Mean 



100 ng 



Sample 

no. Cr 



standard 
m«an deviation 



CV 



18.24 

18.23 

10.33 

18.33 

1 8.35 

18.44 

18.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.2B 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

16.26 

18.42 

18.57 

1 8.66 

0 10) 



1«.27 0.06 



18.^7 0.06 



18.34 0.07 



1 8.23 0.08 



18.42 0.04 



18.74 0.24 



18.39 



0.12 



18.63 0.16 



18.29 0.1 



1 8.55 
18.12 



0.12 
0.17 



0.32 

0.37 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0.5* 

0.6S 
0.90 



20.48 

20.55 

20,* 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20,46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation CV 



20.51 0.03 0.17 

70.54 0.11 0.54 

20.54 0.06 0.28 

20.43 0.05 0.26 

20.73 0.13 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0.12 0.57 

20.51 0.07 0.32 

20.73 0.1 0.16 

20.66 0.19 0.94 



(or containing a partial cDNA for human factor 
VIII, pl-'8TM. A series of transections was sol 
up using a decreasing amount of the plasinid^-iO, 
4, (1.5, and O.I ng). Twnniy-rour hours post- 
transfec-t ion, total T^MA wns purified froin each 
flask uf cells. p-Avlin gene quantity was chosen as 
a value for normali^tixn of Keuomic. DNA con- 
centration front each sample. In llils cxpeiimcnt, 
p-actin gene content should remain constant 
relative to total genomic DNA. Figure 3 shows lljc 
result of the p-actln UNA measurement (100 jig 
total DNA determined hy ultraviolet spectros- 
copy) oi each saiutile. Kaeh sample was analyzed 
in triplicate and the mean p-actin Cf values of 
the triplicates were, plotted (error bars represent 

rivwiaimn) 'I h*» tilphf st rtiffrrrnrr* 



l»etvw<imi any two s&mplo moans was 0.95 C,- Ten 
nanograms of total UNA of each sample were also 
rxamliicnl for 0-fCtln. The results again showed 
that very similar amounts of genomic 1>NA were 
present; the. maximum mean \i acx'm <":, value 
difference was 1 .0. As Figure 3 shows, the rate of 
(Vactlu <;,. change between the 100 and 10-ng 
samples was similar (sloj>e values rang« butwoon 
3.56 and -3.45). This verifies again <h»il lh« 
method of sample preparation yields samples of 
Identical PCR integrity (i.e., no sample contained 
an excessive amount of <■ PCR Inhibitor). How. 
ever, these results indicate that each sample con- 
tained slight diffeiences in the actual amount of 
genomic. ONA analysed. Determination of actual 
ueuoiJiic t)NA concentration was accomplished 
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Figure 2 Sample preparation purity. 1 he replicate 
samples shown In Table 1 worw also amplified In 
tripicate vising 2S ng of each DNA sample, The fig- 
u< shovVi the input DNA concentration (1 00 and 
25 ng) vs. C, In lh«« tignrp. 1hp 100 and ?fi ng 
points for each sample are connected by a line. 



by plotting the mean fi-actio O, value obtained 
for each 100 llg sttlflplv wn •» ft-aclln standard 
curve (shown In Pig- 40). The oclu.il gcuomlc 
DNA concentration of each airmplu, was ob 
talncd by extrapolation 1o tliu x axU, 

Figure 4A shows the .measured (l.u., m>n- 
normalised) quantities of factor VJJJ plnxinul 
DNA (pltSTM) from each of the four transient cell 
tniMsf«;l!rm.v Each reaction contained 100 ng of 
total sample DNA (as determined by UV spectro* 
copy), liach sample was analyzed in triplicate 
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Figure 3 Analysis of Imn&fectcd cell DNA quantity 
and purity. I he DNA preparations of U«u lour 293 
cell transections (40, A, 0.5, and 0.1 u,g o* pF8TM) 
were analysed for the p-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transacted, the fj-actln 
C T values are plotted versus the total Input DNA 



l>C.r< amplification*. As shown, pl'BTM purified 
,h,on>Jbe 293 colls decreases (moan C, values in- 
CTUtiM>.| with decreasing amounts of plasmld 
.iruitsli'Ucd. Thy mean C t values obtained for 
pF&TM in Tlgurc 4A were plotted on a standard 
curve comprised of scjlally diluted pFHTM, 
shown .in figure 4B. The quaullly oJ pI'XTM, b, 
found in each of the four tronsfcctlom was do 
tcrmined by extrapolation to the ar axle of the 
standard curve In l'igure 4B. Those uncorrected 
values, b, for pMfl'M were normall^d m deter- 
mine Uie actual amount of pl'8TM found pur 100 
rif} of genomic DNA by using the equation:. 

/> X 10 0 nf) uctual pl-fTfM copies per 
JJ ~ 100 Jig of genomic 1>NA 

where a •- actual -genomic DNA in <j sample and 
b >- pRrtM copies from the standard curve. 'Hie 
normalised quantity of plWM per 100 ng of ge- 
nomic DNA for each of the four 1 rans'f cctlons Is 
shown in Figure 4JJ. 'iliesc roulls Ahem ihai the 
quantity of factor VIII plasmtO associated wiili 
the 293 cells, 21 lir after iraiurfeditm. ilai ir.isef. 
with decreasing p)»siutU Liiiiutm nation used in 
the transection. TIk: quantity of pl'ei'M associ- 
ated with. 293 cells, after trunsfectlon with 40 ixg 
of uiaumid, was 35 pgper 100 ng genomic DNA. 
This results In -S20 plasmld copies per cell, 



DISCUSSION 

Wo have described a new method for quantilot- 
in}> gene copy numbers using rcAl-tlmc analysis 
of l»CR amplifications. Real-time PCK is compat- 
ible with cither (Jf the IWO PCH (llT-PCR) ap- 
proaches: <1) quanlllativc comfjetitivc where an 
internal competitor for each target sequence is 
used for normaliKflUon (data not shown) or (2) 
quaiitiiatlvc comparadve PGR using a muntallxei- 
tiou gene contained within the sample (i.e., p-ac- 
tin) ox a "housekeeping" gene for R'1-PCH. If 
equal amounts of nucleic ucld are analyzed for 
each sample and if the ampllfleatlon effkiwu-.y 
before quantitative analysis o identical for each 
sample, the inremai con I ml (noimaliration sent 
or competittjr) should give equal signals for all 
samples. 

The real-time PCK method offers several ad- 
vantages over the other two methods currently 
employed (see the Introduction). I'irsl, the real- 
time PGR methtKj Is performed in a closed-tube 
system and requires no post-PCR manipulation 
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FI D ur» 4 Quantitative anotyiii* of pFSTM in transfected cells. (A) Amount of 
plasmid DNA used for the trunsfeciion plotted against the mean C, value deter- 
mined for pf"8TM remaining ?M br alter (ronsfectlon. (.0,0 Standard curve*, of 
pf-RTM and (i-actln, respectively, pr J)TM DNA (fl) and genomic t>NA (Q were 
dilutftd Serially 1:S before amplification with the appropriate primers. The p-actin 
standard curve wat; usod to normalise the results of A to 1 00 ng of genomic DNA. 
<0) The amount of pF8TM present p«:r 1 00 ng of genomic DNA. 



of sample. Therefore, pntvnti«) for PCR con- 
tamination in the laboratory is reduced because 
amplified products earn l»« analysed and disposed 
of without opening the rutin ion tubes. Second, 
this method suppoiU the umi of a normalisation 
gene (i.e., P-aciin) for quantitative PCR or house- 
keeping genes for quantitative RT-1'CK controls, 
Analysis Is performed in real time during the Jog 
phase of product accumulation. Analysis during 
log phase permits many different genes (over a 
wide input target range) to be analysed simulta- 
neously, without concern of reaching reaction 
plateau at different cycle*. Tliis will make iiiuill- 
gene analysis assays much ettalci \\i develop, be- 
cause individual internal uMtipeiliuis will mil be 
needed for each gene under analysis. Third, 
.-wimple throughput will iu».icar>c dituualicdlly 
with the new method because then* is no |k»M- 
VCR procc-islng time. Additionally, writ king In a 
°6-wcll fonnat Is highly compatible with auto, 
niation technology. 

The real-lime PCR method is highly repro- 
ducible. Replicate amplifications can be analyzed 



for each sample minimizing potential error. The. 
sysittni allows- fur a very large assay dynamic 
range (approaching 1,000,000-fohl .starting tin- 
gel). Using u standard curve for the. target ol in- 
terest, relative- copy number values can be deter- 
mined for any unknown ^mplc. Fluorescent 
threshold values, C r , cunrJair. linearly with rela- 
tive DNA copy numbers. Real time quantitative 
RT- I'CR methodology (Gibson et al v this Issue?) 
has also been developed, finally, real lime quan- 
titative 1'CR methodology can be used in develop 
high-throughput screening assay* for a variety of 
applications [quantitative gene CApiesaiun (RT- 
rCR), gene copy assays (Mct2, 111V, etc.), geno- 
typlng (knockout mouse, analysis), and Immuuo- 
PC.RJ. 

Real-time PCR may al.to l>« j>crformed using 
intercalating dyes (Higuchi ct al. liWX) such as 
ciJiJdium bromide. The fluorogenic prohe 
method offers a ma|oi advantage over inter- 
calating dyes- greater specificity (i.e., primer 
dlmvrs and nonspecific PCR products are. not de- 
ter! ed). 
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METHODS 

Generation of <i Plasmld Containing a Partial 
cDNA Tar Human Factor YII1 

Total RNA v»«> harvested (UNA*"! H from T«J Test, hie., 
rricndswood, TX) from culls, li-nsfecled with a laetur VIII 
expression vector, pCIS2.Uv3i.lJ (Katun «t id. l"H6; Gor. 
nun r.t al. 1900). A factor VIII partial cliNA swpifmv WAS 

^..umicd by irr i'f:u KifiteAmp la tTih itNA IT.ll Kli 
(pan nbok-oi /9, l't Applut) uiosystcms, l-ostet City, 

using the Vt'M |>mmrs P8for hiuI 1-flrev (priim-r Keqiiruecs 

are shown Ix'low). The ampltcon was rcamplified usinR 
modified I'fifor and TOrcv primers (antx-nded with tew/Ill 
and ///ffdUl restriction she sequences at the .*>' ewh and 
clonal Into p<il!M- 3Z (l*roni«i;ii CUirp., Madison, Wl).The 
rcsiililnKclonr, pPSTM, was used U>i transient transfectlon 
of m cells. 



Amplification of Target DNA ami Dulecilon of 
Amplicon Factor VIII I'lasmid DNA 

(pl"'H'l"M) was amplified Willi lli«r pinm-is 1-Ufur 5'-C<;C- 

(mK;<:AAUAu:ixM«xMCiTC...v and i ! »rcv .v-aaa<:<;t- 

t:AOOCrrcXiATG«j IA'IO-.V.TIk: ruiu-lUui pioducrd ti 
up w:k product. The forward primer was designed lu let- 
ogtilzc u uiiluui? Mi|in'ttii- ftmiid In the .V untranslated 
region of lliu patent uC152.lk25l> plustuivl nml ihuicforc 
does nut ivuiiipiUu und amplify lltv liuuian factor VIII 
gene. Minor* woro chosen with the (miriamf of ilw- com. 
imler program Oliso / h*> (Kutimial lliuscionccs, Inc., I'ly- 
mciutli, MN). The human 0-actl« fntr was amplified with 

the primers IJ-ik-IIh forward primer TCACOCACACTCT 
GCCCM'WKCXlk-y and (i-aciiu reverse piimcr .S'-CAC- 

C0CAACCC;crr<:Ari(»<X^AiGG-3'. The reaction pro- 
duced a Zvs-hp i*C:k prncluia. 

Amplification reactions (SO uj) contained a l)N/\ 
sample, I WX \KM Huffc.r II (» uJ), 200 p.M dATl', JCTt', 
dGTP, and 400 |tM rill'IT, 4 tnM MgCl,, l.?-S Units Ampll 
Tmj PNA polymerase, 0,5 unit AinpKnmc uracil JV-fiiy- 
tmsvlum.- <UNG), SO pmok- of each foeloi Vlll prlmci, und IS 
pnioh* of «Hu;)i |< kctln pi Imer. 'Hio K-ai tUnn, txintaliicc] 
oat of the fallowing (Ictc'Ctlon prolwd (U«J nu rnrlt); 

i'8 J1 «..i.p A'(i»AM)Af:<ri , trrt:cuc:crKifrn , (-*inxnt!T. 

GCCTT(TAMRA)p 3' iiutl p-atiin proU- 5' (FAM)ATGtM:t:- 
X(JAMltA)CCCCr;/TGCC:ATt>-.T where p indicates 
phmphnrylAtiAri nnd X Indicates a linker arm nucleotide. 
Reaction luhv» wen.- MicmArnp Optical Tulx's (part num- 
l.n-r NkOI 00.1X, Parkin Ulniut) that wcrv frottltl (at IVriihi 
r.lrucr) to prvv<-iil liylil Iron) /cflccllnp, Tube «dp» were 
similar to MitToAmp Gnps hut specially designed lo pre- 
vent light svultvrins- All <il H«<- IKiUk^m/iwiudlvU * wero smjv- 
fAn:d l>y PK Applied lUo«y«tetii» (I'ojU'r CMy, CX) except 
the factor VIH priiuera, wlik-h wcie synthesized Ml Gene" 
tech, Inc. (South Sun Prunclsco, CA). I'rohev ww dc-si^ni-d 
using the Oligo 4.0 software, follwvlnj; siildellncs kuj;- 

i>c$ieci in tnc Miulvl 77CXt sequence Pcttvuw ln.viu<im-iil 
manual. BrlcHy, probe T„ iliiiuhl he fll least 5"C l)l({her 
man Ilif aitia'ulUix leuipwalurc used durlti}; Ihrmml cy- 
rhng; primers sln^iltl jiol funn M«hlv duplexed willi Ihe 
prohc. 

The tlieriiMil fyrllng cunditloivs Included 2 jiiIii »t 
SWC and 10 min at 9S"C. Ilirimal cycling proceeded with 



rtactions wore pcrfontied in th<* Morlol 77(H».Scqucncc 
tti'lor (I'll Applted Uiosyvlwuiv), wlilrh cdiiUUii t Cent- 
Amp I' 1 '-**- Systwm J>600. kctMitlon <.tnidition« w<rt- pro- 
RnitllllieU on .i I'viww MacinttMh 710(1 (Apple Contpulrr, 
Santa Oara, CW) linked dirv»-tly t« the Model WOO Si^ 
tjuciKV IXilwtor. A«aly«l» *» f d»ta w»« alw perf/trmed on 
the MNi lntf«h cumpviter. r.ollocll<>ii and anatyKlc toflwarc 
wits Uevcl<i|Tod Mt 1*K Applied ltlosyxlimis. 

Tian*fection of Cells with Facter Vlll Coiurtrucl 

l-Viur I I 7S Hasks of 293 cells (AT(1G CM. 1573), a human 
fetol kidney suspension cell line, were (jruwu lo fiOOti con- 
lluency and tranrfoeU'd plWlM. Cells were urowii In tin- 
K>llowlng media; S0% HAM'S V\2 wllhowt GMT, 50% Iih* 
glucose UnJlK'txti's mndlflcd Kox'e im-diiiin (l)MIlM) with- 
enn glycine willi sodium bicarbonate, 10% ietal bnvinc 
scrum, 2 him i^lulotniuc, and 1% penicillin-strc|«oiny- 
iln, 'Ihc media w« vltangcd 30 min M^«> Ihe transicc 
lion. pl-'UTM f)NA amounts of 40, 4, 0„V, and 0.1 Hi were 
iidtlwl it> ~\.t> ml of a sototkm contalnlnfi 0.125 m CmCI,.- 
and 1 X IllWliS. The four mixtures were left at room tem- 

j.v.ni-,u-r (::: 1!! mln o»d then added dnipwlse to d»'u cells. 
Tliv n»»k» «vvi«- im.uUiled al 37"C: and CXi-j. for 24 hr, 
washed with Pits, and nuuspended In PltS. Thl' resiia 
j/vinlixl tells vircrc divided into »litp«it» und UNA wai *«- 
twicted ImincdlutelyusinR (hvQIAanip Kit (Qbgen. 
aifltJYrortli, <.V>), UNA cluted Into 200 p.1 til 30 t»u 
Tris-IICJol pllH.0. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISPS, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
ietracyiine repressible promoter, and (ii) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24.3. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISPS 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels otWISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSK-30) resulting in an increase in 
j3-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and- binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
0-catenin levels (9). APC is phosphorylated by GSK-3/3, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, A>ir5, a member of 
the transforming growth factor (TGF)-0 superfamily, and the 
homeobox genes, engrailed, goosecoid,twin (Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
' expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and retractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP-2, and a third related gene, WISPS. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 /ig of poly(A) + RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 /ig 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WlSP-1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 /tM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2 (Acl) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W/SP-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1 -inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression-after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of «=40,000 (M, 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 24). 

Full-length cDNA clones of mouse and human WISP-2 were' 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of "=27,000 (M, 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-Iinked glycosylation sites, and mouse WISP-2 has one at 

CS7MQ 

Parent Wnl-l Wnt-4 



A. 




Fig. 1. WISP-1 and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 jig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WlSP-l-spedRc probe 
(amino acids 278-300) or a 190-bp WISP-2-specif\c probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 3A). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1, WISP-2, and WISPS are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 35) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. ?>A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
W1SP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-1 and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C, E, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-1, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24. 1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
. assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 fig) 
digested with EcoRI (WISP-1) otXbal (c-myc) were hybridized with 
a 100-bp human WISP-1 probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the norma) 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The First was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., /3-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin a v /3 3 serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-01, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RN A was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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Wc have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a dual-labeled lluoroeenlc probe (Lc, TaqMan Probe). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
does nor require post-PCR sample handling preventing potential PCR product carry-over contamination and 
resulting In much raster and higher throughput assays. The real-time PCR method has a very large dynamic 
range of starting target molecule determination (at least five orders of - magnitude). Real-time quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
had an important rule ill many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various slimuli Clan et al. 
1994; Huang el al. I995a,b; Prud'homme et al. 
1995). Quantitative gene analysis (DNA) has 
iHtn used to dt-.itii minc the genome quantity of a 
particular gene, as in the case, or the human HEK2 
gene, which Is amplified in -30% of breast tu- 
mors (.Slamon lit al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(IllV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Platak ct al. jvvsb; 
Pintado et al. 1995). 

Many methods have been described for tin: 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern 19/S; Sharp ct 
al. 1980; Thomas 1980). Recently, PCR has 
proven to be a powerful tool fOT quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not have been 
performed with traditional methods. Although 
PCR has provided a |>owcrful tool, it is imperative 
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that It he used properly for quantitation (k»«y- 
maekers 1995). Many early reports of quantita- 
tive: PCR and RT-PCR described cjuantltation of 
the PCR product but did not measure the Initial 
target sequence quantity. H is essentia) to design 
projK-r controls for the quantitation of the initial 
target sequences (I'crrc 1992; Clementl ct al. 
1003) 

Ke.swtrchcrs have, developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the read ion before the plateau (Kellogg et al. 
1990; Pang et a). 1990). This method requires 
thai each sample has equal input amounts of 
nucleic add and that each sample undev analysis 
amplifies with Klv.ul leal efficiency up to the. point 
of quuutilalive analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tities, such ax p-aelln) can be used for sample, 
amplification efficiency normalization. Usinti 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is exi remely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for l>olh the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ 'PCR, has l>cen developed 
and is used widely for PCR quantitation. QC-PCR 
wlies on the inclusion of an internal control 
competitor in each reaction (Beckcf-Andrc 1991; 
Platak cl al. 1993»,I>). The efficiency of each re- 
action is normalized lo the Internal competitor. 
A bnnwn amount of Internal competitor ?&n be 
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added to each sample. To obtain relative- nuani- 
tatlon, the unknown target PGR pr<«luot is com- 
pared with the known competitor lt':K product. 
.Success of a quantitative competitive I'CU assay 
relies on developing an tutcnml control Hint am- 
plifies with the same efficiency as the tuigwt mol- 
ecule. The design of the competitor and the vali- 
dation of amplification i-ffic.icjii.-ica icquirc » 
dedicated effort, However, becitusc QCMf.U does 
nut require that PGR pioditcls be analyzed during 
the log phase of Ihe. amplification, it is tin; easier 
v»f the two methods to use. 

Several detection systems uic used for quan 
tltative 1-*CR and RT— I'GR analysis: (1) agarose 
gels, (2) Auorcscctil labeling of PGR products mid 

detection with InscT-induced fluorescence using 

capillar)' electrophoresis (hasto el al. 1995; Wil- 
liams et al. 199o) or acryl«julde gels, and (3) plate 
capture and sandwich probe hybridization (Mul- 
der el al. 1994). Although these method* proved 
successful, each method requires posl-l'CR ma- 
nipulations That add time, to the analysis and 
may lead to hibuiatoty i unlau'diiation. The 
sample throughput of these methods is limited 
(with Ihe exception of the plate capture ap- 
proach), and, tlivruforc, these methods ore not 
well suited fiu u>vs demanding high sample 
Throughput (i.e., screening of huge numbers of 

blonu,lo.ul<r.-> hi jiiittyzln^ SAmpli-a fiu diagnos- 
tics or clinical trial?). 

Here, wr rt^M>rt the development of n novel 
nanny for quantitative. DNA analysis. The assay is 
based on the ustr <if the .V ' nuclease assay first 
described by Holland et al. (1993). The method 
uses th<? S' nuclease activity of Ttiq polymerase to 
cleave a noncxtcndlblc hybridization .probe dur- 
ing the extension phase of I'OU- Tlie. approach 
uses dual-labeled fluorogcnic hybridisation 
probes (Lee ct ol. 1993; Jlasslcr ct al. 1993; l.lvak 
ct al. l99£o,b). One. fluorescent dye serves as a 
reporter |FAM (i.e., 0-carboxyfluortTSccin)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e., 6-carboxy-tetramethyl- 
lhodaminc). Tlic nuclease degradation of the hy- 
hrlUi/iitton probe releases the quenching of Ule 
I'AM fluorescent emission, resulting in an In- 
crease- hi peak fluorescent emission at SJtt nin. 
The use or a sequence detector (AM l'rism) allows 
measurement of fluorejit.-e.iit spectra of all 96 wells 
of tlie thermal cycler continuously during the 
1*GK amplification. Therefore, the reactions ujc 
liioiiltorvd in real time. The output data is de- 
scribed and quantitative analysis of input target 
I )NA sequences 15 discussed below. 



RESULTS 



PCR Product Derecrlon in Real Time 

The goal was to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use In monitoring lipid mediated the.rapeu tic- 
gene delivery. A plasmld unending human factor 
Vltl gene sequence, p!>'8TM (sec. Methods), was 
used as a model therapeutic gene. The assay use* 
fluorescent Taqmait methodology and an instru- 
ment capable of measuring fluorescence in real 
time (AM l'rism 77(10 Sequence Detector). "Hie. 
Taqimm read Ion requires a hybridization jwobr* 
lalKled witli two different fluorescent dyes. One 
dye Is a reporlvr dyw (I'AM), the other U 4 quench- 
ing dye (TAMRA). When ihe |wl« is intact, fluo- 
icsccjil energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During Die extension 
phase of the PGR cycle, the fluorescent hybrid- 
ixatiOM probe Is cleaved by the 5'-.'!' nuclcolytic 
aetivitv of thr. DNA polymerase. On cleavage of 
the probe, tlie reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
sultinK l'» an Increase of the reporter dye fluores- 
cent emission spectra. PGR pritners and probi-'N 
were designed foi tins human factor Vlll se- 
quence and human p-actln gene, (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe and 
magnesium concentration* yielding the lushest 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Instrument uses a 
chavgt:«couplcd device (i.e.. CCD camera) for 
measuring the fluorescent emission spectra from 
. r «(Kl to o50 nm. Kadi. VK'AX lul>c was monitored 
sequentially for 2S m.scjc with continuous moni- 
toring throughout th« amplification. Uach tube 

wo.% rtt-cxandricd every B.5 sec. Gc>mputcr soft- 
ware, was designed t<i examine the fluorescent In- 
tensity of both the reporter dye (FAM) and 
the quenching dye (TAMilA), The lluorc.so.cnt 
intensity of the quenching dye, TAMRA, changes 
very lllll« over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAMRA dye emission serves as an internal 
standard with which to noi-fitall/e the reporter 
vlye (PAM) emission variatJons. Tlie software cal- 
culates a value termed AUn (or AftQ) using the. 
following equation: ARn - (Rn J ) (Rn"). where 
Kn 4 . • emission intensity i>t reporter/emission in- 
tensity of quencher at any given time In o rcac 
tion lube, and Ru r* emission intensilily of re- 
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poncr/o.misslOJ) Inumily of quencher measured 
prior to I'CK ampliiication in ihnr same reaction 
tube. lor the purpose of quantitation, the l«*>i 
three data jjuints (ARns) collected during the. ex> 
tension step for each VOi cycle were analysed. 
Tlic nucleolytic degradation of the nyurRh/^tion 
probe occurs during ihe extension phase of fiat, 
and, therefore, reporter fluorescent cnnaMon in- 
creases during this time. 'Hit: thiec data point* 
were' averaged for each KJk cycle and the mean 
value for eacli was plotted in an "amplification 
plot" shown In J'tyurC ] A. The AKn mean value is 
plotted on the t*axi$, and time, represented by 
cycle number, is plot ted ou thvA-axis. During the 
early cycles of the VCR amplification, the ARn 



value remains at base line When sufficient hy- 
bridisation probe has been cleaved by the Tun 
polymerase nuflftAfic activity, the intensity of re- 
porter f)»c»Tcif.cnt emission lnc.routii.-t.. Most PCU 
amplifiUil'ions read) a plateau phone Of roportcr 
fluorvMvnl omission If the rettcilUwi Is carried nut 
to high cycle iiujiiIh™. The amplification plot \'J 
examined i<aily in the. reaction, ut a paint that 
■ cprcscnts the log phltM' of product arnitnula* 
tion. This is done by assigning an arhiljury 
threshold that is bawd on the variability of the 
base-line did*. In MgUTO 1A, the threshold wasxrl 
at 10 stnndtird deviation* above, the mean of 
base line emission ialculated from crydo 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PC.R product detection in real time. (A) The Model 7700 <«flware will construct amplification plots 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base Kne of the amplification plot ^ values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times me 
Standard deviation of the base line). (0) Overlay ot amplification plots of serially (1:2) diluted human genomic 

-actin primers. (O Input DNA concentration of the samples plotted versus C T . All 
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the amplification plot crosseo the threshold is. &e 
fined as C,. C, is reported as ll\o cycle number ;ii 
this point. Ar will be demonstrated, the <'•, .value 
Is piediciive of ihc quantity of input target. 

Ct Values Provide a Quantitative 'Measurement, of 
Input Target Sequences 

Figure ID shows amplification plots of lixdilffcv- 
enl PCR amplifications overlaid. The amplifou 
Hons were performed on a 1:2 serial dilution •«(*. 
human genomic UNA. 'l"hc amplified target wa*. 
human p octin. The amplification plohi Kliifl to 
the right (to higher threshold cycles) ns the input 
target quantity is reduced. This is expected ho. 
cauKU ruHCtluriK with fewer starting copiitK nf the 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of JO stan- 
dard deviations above the base line was used to 
determine the Oj. values. Figure 1C represents the 
C T values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
Pf:R amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C r values dtcrca.se- linearly with increas- 
ing target quantity. Thus, G r valuta can be used 
as « quantitative measurement of tlio input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6-ng sample shown in Figure 
1H does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
'Hie 15.6-ng sample also achieves e.ndpolnt pla- 
teau at a lower fluorescent value than would he 
expected based on the Input PNA. This phenom- 
enon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C, value us 
demonstrated by the 111 on ihe line shown in 
Figure 1 C. All triplicate amplifications nrsultert in 
very similar C,- values— the standard devotion 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of Input tar- 
get molecule.*. Using Cy values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range ol lluorcsccnl in- 
tensity measurement of the ABl I'rlsm 7700 Se- 
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mi'iVts over n very large t^h}»«" «if relative siartinp, 
target quantities. 

Sample Preparation Validation 

Several parameters Influence the efficiency nf 
POR amplification: magnesium and sail concen- 
trations, reaction conditions (i.e., time and tem- 
perature), PCU target size and composition, 
primer sequences, and sample purity. All of the 
above (actors are common to a single PCR assay, 
except sample lo sample purity. In an effort to 
validate the method of sample preparation for 
theiactor Vlll assay, PCR amplication reproclnc, 
ibility and oificiency ol JO replicate sample 
preparations were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quanlltaled by ultraviolet spectroscopy. 
Amplifications were performed analyzing 6-aciln 
gene, content in 100 ami 25 ng of total -genomic 
DNA. Each l'C;R amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Therefore, each ol the triplicate PCIt 
amplifications was highly reproducible, demon- 
strating that real time PCR using this Instrumen- 
tation introduces minimal variation Into the 
quantitative J'CK analysis. Comparison of the 
mean C, values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for H-actln gene quantity. The highest (> 
difference between any of die samples was 0.S5 
and 0.73 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from Ihc sample dilutions (Fig. 2). 
Any sample containing an excess of a I'CR inhibi- 
tor would exhibit a greater measured (J-actln G r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with (hi; 
sample in the dilution analysis (Hk, Z), altering 
the expected C,. value change. Fjich sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible, wllh regard to 
sample purity. 

Quantitative Analysis of a Plasmid After 
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Tnbl« 1 . Reproducibility of Sample Preparation Method 



I 
2 
3 

4 
5 



8 
9 
10 

Mean 



100 ng 



Samplo 

no. Ct 



standard 
m^an deviation CV C T 



18.24 
18.23 

ie.33 

18.33 

18.35 

18.44 

1B.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

1 8.66 

0 10) 



ie.27 

18.17 



18.39 



18.SS 
18.12 



0.06 



0.0(5 



18.34 0.07 



18.23 0.08 



1B.42 0.04 



18.74 0.24 



0.12 



18.63 0.16 



1B.29 0.1 



0.12 
0.17 



0.32 
0.3? 
0.36 
0.46 

0.23 

1.26 

0.66 

0.83 

0.55 

0.65 
0.90 



20.46 

20.55 

20.$ 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation CV 



20.51 0.03 0.17 

70.54 0.11 0.54 

20.54 0.06 0,28 

20.43 0.05 0.26 

20.73 0.1 3 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0.12 0.57 

20.51 0.07 0.32 

20.73 0.1 0.-16 

20.66 0.19 0.94 



(or containing a partial cDNA for human factor 
Vlll, pl ; 8TM. A series of trartsfections was sot 
up using a decreasing amount of the plasmid"(40, 
4, (1.5, and O.l u,g). Twmlly-rour hours post- 
transferi ion, total faNA was purified from each 
flask of p-Acliu gene quantity was cln.oi.-i i a* 
a value for normali^liun of ^i-nuinii\ ONA con- 
centration from each sample. In Ihis cxpeiimc-nt, 
p-actin gene content should remain constant 
relative to total genomic UNA. Figure 3 shows the 
result of the p-aetln DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) Ot' each sample- Kaeh sample was analyzed 
in triplicate and the mean p-actin Cr values of 
the triplicates were plotted (error bars represent 

«-*»»ni««i ri<n,iaimni 'I h»» hlfltM*sr iliffrrrnrp 

CZOlg) 



lH'tw<wii any iwf» s&mpla moans was 0.1>5 C,- Ten 
nanograms of total UNA of «ach Sample were also 
examined for p-actln. lhc results o^aJu .showed 
that very similar amounts of genomic 1>NA were 
present; flu- maximum mean |4 actio <*:, value 
difference was 1 .0. As 1'igurc 3 shows, the rate of 
p-actin G,- change between the 100 and 10-ng 
sainplct was similar (slope values rangw butwocn 
3.56 and - 3.45). This verifies again that the 
method of sample preparation yields s-ajnples of 
identical PCR integrity (i.<'-. «o sample contained 
an CXCCSSlve amount of a PCR Inhibitor). ITow- 
ever, these results Indicate that caell sample con 
talncd slight diffeienc.es in the actual amount of 
genomic l>NA analysed. Determination of actual 
vvnojjiic oNA concentration was accomplished 
90FDI Z0S6 091 61-6 XVd 00 = 21 Z002/S0/ZT 
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Figure 2 Sample preparation purity. The replicate 
samples shown In Table 1 wore also amplified In 
tripicate using 25 119 ©f each DNA sample. The fig- 
uifc shows die input DNA concentration (100 and 
25 ng) VS. C, In ihp lirjurp. 1h#» TOO and ?H ng 
points for each sample are connected by a line. 



liy plotting the mean fj-actin C, value obtained 
for i«ai!li 100 liy sainplv on a f*-actln standard 
i.-uive (shown In J'Sg- 40). The actual genomic 
DNA conceiitrallim of each sirmplu, was ob 
tallied by extrapolation U> tliu x uxli, 

1'iftvirc 4A shows the measured (l.u., n«»n. 
normalised) quuulHie.s of factor VIJJ plnxmid 
15NA (pF8TM) (ran*, each of the. four transient cell 
lran>fcciions. liach reaction contained 100 rtg Of 
total sample UNA (as determined by UV spectros- 
copy), liach sample was analyzed in triplicate 



l>t:U amplification*. As shown, pl'STM purified 
.fioic Jbc 20H cells decrease* (mean C, values in- 
CTUii*£) with decreasing amounts of plasmld 
aruitsli-itcd. The mean C t values obtained for 
prWM inTlgurc 4A were plotted on a standard 
curve comprised uf seilully diluted pFKTM, 
shown .in Figure 4B. The quantity oJ pl-KTM, h, 
found in each of the four UnnsfectioiiK was de 
termined by extrapolation to the * axlt. of tlio 
standard curve In l>i$urv 4R. These uncorrected 
m values, b, tor pMFl'M were iiorii>a1i*id to deter- 

mine the actual amount of pl'8TM found per 10(1 
riK of genomic DNA by using the equation:. 

/> X 10 O iih actual plfTI'M copies per 
~ 100 "8 of genomic 1*NA 

where a -actual genomic DNA in u sample and 
It >- p( : HTM copies from the standard curve, 'lite 
normalised uuantHy of pl'STM per 100 ng of ge- 
nomic DNA for each of the. four iranafccilons Is 
shown In r-'igure 4JJ. These results .show thai the 
quantity of factor vni plasmld associated vviili 
the 293 cells, 2i In after iruiisfvction, dei.ii:.is<.:.s 
with decreasing plasmM uiiii.uiuiailon used In 
the tiausfeclion. The quantity of pl'BTM associ- 
ated with 293 cells, after transfectlon with 40 ng 
of uiasmid, was 35 pgper 100 ng genomic UNA. 
Tills results In - 520 plasmld copies per cell. 
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Figure 3 Analysis of tiaiisfectcd cell DNA quantity 
and purity. Hie DNA preparations of Uu.- (our 293 
cell transfections (40, 4, 0.5, and 0.1 u.g of pF8TM) 
were analyzed for the 0-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfected, the (J-actln 
C T values are plotted versus the total Input DNA 



DISCUSSION 

We have described a new method for quantitiii- 
iug gene copy numbers using real-time analysis 
of PCR amplifications. Real-time FCK in compat- 
ible with either of the two PCR (l(T-PCR) ap- 

proaLiies: (1) quantitative .competitive where an 
iiiteiiud wiiii/elhoi' for each target sequence is 
used for normaliBflUon (data not shown) or (2) 
quantitative comparative PCR using a iu« media- 
tion jjene conloined within the sample (i.e., p-ac- 
tin) or a "housekeeping" gene for RT-PC-K. If 
equal amounts of nucleic acid are analyzed f«>r 
each sample and if the ampltflcatlun effiiirnc.y 
before quantitative analysis ■» identical for each 
sample, the InTerual eontiol (nojinali^iliou jjene 
t>r competit(Jr) Should give equal signals for «l) 
samples. 

Tile real-time PCR method offers several ad- 
vantages over the other two methods currently 
employed (see Ihc Introduction). l ; irsl, the real- 
time l^R method is perfonnc-d in a dosed-tube 
system and requires no post-PCR manipulation 
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Figure 4 Quantitative onolyni* of pFSTM in transacted tclli. (A) Amount of 
plasmid DNiA used (or the trunsfecilon plotted against Hit; mvan C, value deter, 
mined for pfSTM remalniny ?/\ hr alter transection. (D,Q Standard curvr* of 
pf-fllM and 0-acdn, respectively. pTBTM DNA (fl) and genomic DNA (Q were 
dilutftd twhWy 1 :S before amplification with the appropriate primers. The p-actin 
standard curve wan used to normalise the results of A to 1 00 f ly of genomic DNA. 
(0) The amount of pF8TM present per 1O0 ng of genomic DNA. 



nf umplf. Therefore, (lie |M>tenti«) for PCR con- 
lamination in the laboratory is reduced because 
amplified products can l«- analysed and disposed 
of without opening the reaction tubes. Second, 
this method suppoils the u.w of a normal Nation 
gene (i.e., P-actin) for quantitative PCR or house- 
keeping genes for quantitative RT-l'CU controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
)ok phase permits many different genes (over a 
wide input target range) to be analyzed simulta- 
neously, without concern of reaching reaction 
plateau at different cycle*. Tliis will make uiulll- 
gene analysis assays much casle.i u> develop, be- 
cause individual internal (..umpeilluis will not be 
needed for each gene under analysis. Tiiird, 
sample throughput will iimeasc dramatically 
with the new method because, theve is no |x>M- 
VCR processing lime. Additionally, writ king In a 
°6-wcll format Is highly compatible with aut<* 
uiation technology. 

The real-time 1>CR method highly repro- 
ducible. RepHcaic amplifications can be analyzed 



f<»r «?ach sample minimizing potential error. The. 
system allows for a very large assay dynamic 
runge (upproachiDg 1,000,000-fold starting Uii- 
get). Using u .standard curve for this target oJ in- 
terest, relative copy number values tan be deter- 
mined for any unknown -vjn;ph\ fluorescent 
threshold Values, C )V coneJair. linearly with rela- 
tive DNA copy numbers. Keal time quantitative 
KT-rCK methodology (Gibson et al., this issue*) 
has alio been developed, finally, real time quan- 
titative T'CU methodology can be used to develop 
high-throughput screening assays for a variety of 
applications [quantitative gene c*pj casiuu (KT- 
rCR), gene copy assays (Mer2, IllV, etc.), geno- 
typjng (knockout mouse analysis), and inimuiiic 

renj. 

Real-time POU may al.to l»e jjcrfnrmed using 
intercalating dyes (Hlgtichi ct al. such as 

eiJtJditim bromide, 'the fluorogenic probe, 
method offers a major advantage over inter- 
calating dyes-- greater specificity (i.e., primer 
dlmers and nonspecific. PCR products are not de- 
tuned). 
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MSTHODS 

Generation of «t ttasmld Containing a Partial 
cDNA for Human Factor VIII 

Total RNA was harvested (UNA*"' 1> ("'«»» 'I'*' ''"««r hie., 

rfKiidSWOOd, TM) from ceils- i.-njtfccled with a factor VIH 
expression y«tor, pC:iS2.*k?.iU (Koum el al. 1»«0: Gor. 
man e.t al. 1U90). A factor VIII partial el )NA wvpirmv WftS 

R <fu. r >«<a by irr l'f:ii |<:«neAmp HZ I'l'ih UNA ITU Xll 
(pan nwumit/s, i't Applied UiosyHcms, I'ostvt City, GA)1 

using the I'CIt primurs l-Hfor *••«! Kirov (prinu-r KenneiiCes 

arc shown be-low). The ampllcon was reamplified using 
modified Mot and J*rcv primers (npix-iuled with humn\ 
and HiikWU restriction sire sequences »i the V eiull ««ri 
clonal into ptiKM- 3Z (Proniryu tutrp.. Matluou, Wl). The 
resulting clone, pWSTM, was uscil lor transient transfectlon 
of 293 cell*. 



Amplification of Target DNA ami Dciecllon of 
Amplicon Factor VIII Plasmid DNA 

(pVS"!'M> was tlinpllflwl with the inimeis IWdf i'-t'XXU 
GT<i<X:AAC>AU:iTjAlXilGTCV3' and |<8rcv .V-AAACCT- 
tWJCCnXKiA'JXMri'AfiCi-a'.llw rvttelluu produced a -wz- 
iij> K:K product. Tin- forward primer was dv>lxiied U> ii,v 
ognlzo u unique M'i|iinm- Cinmd In the 5' untramlAted 
rey,K>tt of 1 1 in paieul pC152,tk2SI> plasmid anil tlmrcfore 
does not ivwik"^ *n<J amplify iltv human factor VII! 
gene. I'rimnni woro chosen with the- assistaiirc of I he com- 
l>utcr program Oligo 1JU (Nuliimal llioACienccs, Inc., I'ly. 
mouth, MN). The human p-acttn gene was amplified with 
llic primers JJ-ot-lin forward primer .< ' TC AOOOAOAt TK IT 
GCCCAT<~l - AGOA-3' and p-actiu reverse piimer V.CAfJ. 

CGGAACCX:tric:A vmt :caatgg-3'. The reaction pro- 
ciueea a 2V5 hp i-cit product. 

Amplification reactions (SO pJ) coiuaitii'il a UNA 
sample, Klx VCM lluffe.r II (» p\), 200 jim dATl', dOTl\ 
clGTP, and <IOO iim dllTP, 4 mxt M%C\ 7 , l.Jtf Units Ampll 
TtK) UNA polymerase, 0,5 unit AinpKraw vir«ctl N-fily- 
«hm/Ium' (UNO), 60 pmok- of coch fnclci VIII jirlnivi, und Ifi 
ptnolt* <if uatili |< actlrt pilitiM. 'I1i<f K-ai tloiit. a1m> >»inlalnccl 
OtlC Of ihv following (k'K'Ctloit prolwx (KMi nM rut h): 

I'tijiroiir f.'(VAM)AC.(rr<7i't:cjL(:<Yr<;c?nx:Trr<'.vcT. 

GCCTT<TAMRA)p 3' aud p-m-tin proU- 5' (FAM)ATC!f.X:t:- 
X("lAMKA)CCCC.T:ATCCCATC|>-3' wl^crc p indifalcs 
phmphnrylAlion nnd X indirotcs a linker arm nucleotide. 
Reaction tul>c> wen- Mi«:n»Amp Optionl Tubes (part rtUfll- 
tier NkOI Pcrkln Ulmul) that wore frottitl (tit JVrliln 

Hlnier) to pr V v<-nt lijjlil from reflecting. Tube eopk were 
similar to Mk-roAnip Cnfta IhiI specially dfraifliicd to pre- 
vent HrIu acutlvrMijc All <>l tli<- IHIK ^»tfium(il>l<'« were stt>>- 
r li«d t>y PI! Applied lUoayntenm (l'-<»»(i'r C'My, CX) except 
the factor Vllt primers, yvlilclt Wi-u' sy 11(11051x011 at fJinvii 
tccli, Inc. (Soutli Sati Fouiclsco, CA). Probes wi-rt- d«Iyn«l 
using the Oligf.i 4.<> software-, following guidelines bub- 

KCHImi in tnc Model 7700 .sequence Detector ln.vtiuiiifiil 
manual. Hrlcfly. probe 'l' m iliiiulit l«- nl least 5"C hlftlter 
than tl<e aftnralliiH teiupA'Mlurc u.ted *liirln« Uii rmul ey- 
clmgi primers should not toiiu *ia\>\v duplexed with the 
probe. 

The thenua) ••yc.llng ctiiulitioivs Included 2 juln at 
50 V C and 10 min al 95°C. 11>CTii»al cycling proceeded with 



RIAL 1IML QUANII1AIIVI 

reactions were performed in thf Model 770lKScqucnt X IV- 
l«K.f (PL ApplU'd Ulos!ys;H.-iuv), u>l>lrli cuiUaluv * Ccn< • 
Amp l'< :U Sysluni PWO. IU;a<:llon «x«uditit»i« w«-rr- pro. 
drummed on .i I'uwor MacinttLli V100 (Apple t>.in«pu«fr, 

Santa Clara, t:A) linked diretily to the Model VWn Sc- 
queiiw lXil»ct©r. Anaty«l« «»f data w»v »Uo performed on 
the M«i l<ttosh computer, (Vtllnctioii and mialyds tnflwate 
w«» devvlri|wd Mt 11-: Applieil Hlosyntmns. 

Ti ansfection of Cells with raaor VIII Coiutrutt 

]Vmr T17S flasks of 293 cells (ATCC GUI. 1573), a human 
fetal kidney suspension cell line, wvrv 8«w» RWMi.con- 
lluoncy and tranjfeeted pl'BTM. Cells were Rrowu in tlie 
follnwltig mcdlm S()% HAM'S V\2 without GMT, lt»M 
glucose l)vtllK*(X"n'a fiiodlflrd Kajjle medium (l)MIiM) wltlt- 
otn Rlycinu with sodium bicarbonate, '10% letal twvinc- 
seruut, 2 imm i.-^lut<nninc, and 1% penitilliii-strcpiomy- 
iln. The media v«w Jiao),'cd 30 roln kW <he tratufec 
lion, pl-OTM DNA amounts of 40, 4, 0.f>, and 0.1 pr were 
iiuiiwi to 1..S ml of n solution containing 0.I2S m CuCI/ 
and 1 X llW'liS. The four mixtuo-s were left al n»oin tem- 
l.xiniUin- fr.i 1U mln and then addinl rlrujiwUc to the tells. 
Hie n»>"K» «v.« ;nn.uUlcd al 37 D C »no 5.% CO s for 24 hr. 
washed with PUS, .i"tl rtwuspe.nded 111 PBS. The te-iiis 
jn-ndi^l cells were divided into alii|uol.i und DMA wa» ev- 
trHctvd luiincdlutcly tisini; IhvQIAump RI<»k1 Kit (QiiR^n. 
<aifll»w>rtl), (,VV), UNA wits c.luled Into 200 ul 30 
Trls-IJOJ at pll 8.0, 
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methods. Peptides AENK or AEQKwere dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell-proliferation assays were 
done essentially as described 2112 '. Briefly, after antigen pulsing (30u.gml"' 
TTCF) with tetrapeptides (l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u.Ci of 3 H-thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u.g TTCF with 0.25 u.g 
pig kidney legumain in 500 u.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides HIDNEEDI, HIDN(N-glucosamine) 
EEDI arid HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy-methylated human transferrin followed by 
concanavalin A chromatography". Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mU ml" 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOrngml"' ct- 
cyanocinnamic acid in 50% acetonitrile/0. 1 % TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG) 3 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL M , Apo3L/TWEAK 8 ', or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
l.l±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
~0.1 u,gmr'. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results 13 , activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes 1 '' 4 " 16 . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from ~65% to 
~30%, with half-maximal inhibition at ~\ ixgrnP 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL 17 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the W-linked glycosylation site (asterisk) are 
shown, b, Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of.poly(A)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL, peripheral blood 
lymphocyte. 



Figure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (so|id line, shaded area), TNFR1-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference [P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoerythrin- 
labelled cells, b, 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas. 
c, Purified soluble FasL (sFasL) was immunoprecipitated with TNFRI-Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR)" in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 1 5 lung tumours, 2 out of 2. colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene' is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slighdy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-family members; however, this does not rule out the possi- 
bility that DcR3 interacts' with other ligands, as do some other 
TNFR family members, including OPG 2 ". 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface". DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcR3. a. Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL 5 ng mr') oligomerized 
with anti-Flag antibody (0.1 u.g mr') in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl arid assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a, in presence of 1 u.g ml"' DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and interleukin-2, 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human lgG1, Fas-Fc, or DcR3-Fc (10 u,g ml"'). 
After 16 h, apoptosis of CD4* cells was determined (mean ± s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with 6 'Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (rilled circles), Fas-Fc (open 
circles) or human lgG1 (triangles), and target-cell death was determined by 
release of 5, Cr (mean ♦ s.d. for two donors, each in triplicate). 
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Figure 4 Genomic amplification of DcR3 in tumours, a, Lung cancers, comprising 
eight adenocarcinomas (c, d. f, g, h, j, k, r), seven squamous-cell carcinomas (a, e, 
m, n, o, p, q), one non-small-cell carcinoma (b), one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means ± s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c, In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward, Rev and Fwd), the 
DcR3-tinked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L 22 . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L". Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. Q 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in- GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). . ' ■ 

re-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1 , was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human Fast 4 (2 (tg), together with pRK5 encoding CrmA 
(2 fig) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL), arid were assayed by FACS. The data were analysed by 
Kolmogorov-Smirhoy statistical analysis. There was some detectable staining 
of vector : transfected cells by DcR3-Fc; as these cells express litde FasL (data 
not shown),' it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immunoprecipltation. Human 293 cells were transfected as above, and 
metabolically labelled with ( 35 S]cysteine and ( 35 S) methionine (0.5mCi; 
Amersham). After 16h of culture in the presence of z-VAD-fmk (lOjiM), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5 ng), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 p.g) (Alexis) was incubated 
with each Fc-fusion protein (1 |ig), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 tig) was 
incubated with buffer or with DcR3-Fc (40 (ig) for 1 .5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 p.1 aliquots into microti tre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgG 1 before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICD. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 u,gml"') for 24 h, and cultured 
in the presence of interleukin-2 (100 U ml" 1 ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4* cells". 
Natural killer celt activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16h with 51 Cr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of 5l Cr in effector-target co- 
cultures relative to release of sl Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by I. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fiuorometry. Amplification was determined by quantitative PCR" 
using a TaqMan instrument ( ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER- 2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM2I8xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159), the nearest 
available marker which maps to —500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 (iCT1 , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous E. coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this : family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodbneric transporter associated, with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
'prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. coli'' 1 '" is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
■properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded 
sheet (|S3 and (38-012) spans both arms of the L, with a domain of a 
a- plus 0-type structure Ol, 02, 04-07, ctl and oc2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 



ARM I 




Figure 1 Crystal structure of HisP. a. View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I. as shown in a. towards arm II, showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
e. These figures were prepared with MOLSCRIPT 28 . N, amino terminus; C, C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and erbBZ 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661 -666, 1 998. 
© 1998 Wiley-Liss, Inc. 

, Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi el ai, 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccndl ( 1 1 q 1 3), and erbB2 ( 1 7q 1 2-q2 1 ) (for revie w, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbB2 proto-oncogenes 
should have. clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et ai, 1992; 
Schuuring et a!., 1992; Stamon el al, 1987). Muss et al. (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al. (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1 996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et al. (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et al, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and er6B2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast rumors 
were compared with previous Southem-blot data for the same 
samples. 

MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C, (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C, and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et al, 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 

copy number of target gene (app, myc, ccndl, erbB2) 

N = ■ . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et al. (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/u.1. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from I0~ 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at — 80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCI 2 , 1 .25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 s to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-welI microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C, and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 



RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 1 08 primary breast tumors, and 1 8 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbB2 proto-oncogenes, 
and the P-amyloid precursor protein gene (app), which maps to a 
chromosome region (2 1 q2 1 .2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi el al., 1994). The 
reference disomic gene was the albumin gene (alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10* copies or as 
many as 10 5 copies. 

Copy-number ratio of the 2 reference genes (app and alb) 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-ume PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 J (A9), 10 4 (A7), 10 3 (A4) to W (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 21q21.2; alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et al, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The. low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and ert>52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1 .3 
(mean 0.84 ± 0.22) for mvc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean'0.9 1 ± 6. 1 9) for erbB2. Since N values 
for myc, ccndl and erbB2 in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erb52 gene dose in breast-tumor DNA 

myc, ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133)and non-amplified (Til 8). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 108 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N a 5). However, there were cases ( 1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND «*B2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 




myc 

ccndl 

erbBl 


0 
0 

5 (4.6%) 


97(89.8%) 11(10.2%) 
83 (76.9%) 17(15.7%) 
87 (80.6%) 8 (7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et al., 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et al, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C t to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C, ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et al., 
1996: Slamon et al., 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et al.. 1994). (//) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et al., 1 992; Borg et al., 1 992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et al. ( 1 992) and Courjal et al. 
(1997). (iv) The maxima of ccndl and erbBl over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 1 8 (E 1 2, C6, black squares), Tl 33 (G 1 1 . B4, red squares) 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment. Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30- fold maximum) (Bems el al., 1992; Borg el al, 1992; Courjal et 
al, 1997). (v) The erbB2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An el al, 1995; Deng etal, 1996; Valeron 



el al, 1996). Our results also correlate well with those recently 
published by Gelmini el al. ( 1 997), who used the TaqMan system to 
measure erbB2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




Hccndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









1 For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy nember value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erb%2) observed by means of real-time 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg el al., 1992; 
Slamon era/.. 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbB2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- . 
tions in breast cancer (Bieche and Lidereau, 1 995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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